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No. #21. OCTOBER, 1923. Issuep Dec. 31, 1923. 


HERNANDEZ ON THE TEMPERATURE OF MEXICO.! 


By Aurrep J. Henry. 
[Weather Bureau, Washington, D. C., Nov. 10, 1923.] 


In accordance with custom, a rather full abstract of the material Taste No. 1.—States and stations arranged alphabetically—Continued. 
contained in WEATHER Review SuprLEMENT No. 23 is herein pre- 


of, Weather while the su leaks. States and stations. latitude. 
that apply 38 exhausted application should be made to the Superin- wich). 
tendent of Documents, Washington, D.C. The price of the Supplement 
is 25c,.—Editor. Chihuahua. Meters. 
The Republic of Mexico, although it lies mostly in the 
Tropics, is characterized by great diversity of climate 29.6) 1044) 
ranging from tropical heat in the lowlands to near 
freezing temperatures in the cold season on the elevated Coahuila. 
In general there are three great thermal divisions— Sierra 1,68 
(1) The hot zone (zona calida), which parallels the 
coast and includes the Isthmus of Tehuantepec, the wee: 
States of Tabasco, Campeche, and the peninsula of 
Yucatan; it has a mean temperature of 22.5° C. (72.5° ES 
(2) The temperate zone (zona templada) a 
large area that stretches from the northern plains to 
the arable lands of the interior and southern regions as = =2 2° . 
far as Puebla and Oaxaca. In Chiapas there is alsoa 
temperate zone which must extend into the Republic of | 
Guatamala. The mean annual temperature of this zone Hidalgo. 
is between 15° and 22.5° C. (59.0°-72.5° F.). 21.1} 984 316 
The third zone, much smaller than those already noted, 
is confined to the most elevated regions and is therefore == es f 
not a continuous area but is found in separate districts, 
or islands, coextensive with the higher elevations of the 1, 003 
interior; for example, one such district may be found 
between the States of Zacatecas and San Luis; another 19.6 | 103.5 | 1,520 
and much larger comprises the valleys or depressions in —Lagos........----22...ssseeeneeeeeneeeeneneeeeeeeeee 21.4} 101.9| 1,872 
the surface of the great plateau of Mexico; these are 
Toluca, Tula, Pachuca, Chignahuapan, and the large 2,676 
that the whole of the State pf Tlaxe de Dravo........ ps TTT 1, 825 
and part of Puebla, and yet another in the elevate : 
figure 1 shows the location of the stations used in this Morelos. 
discussion and Figure 2 presents the outlines of the three —Cuermavaca..............-20+-sssssceseeeseeseeeseeees 18.9) 99.2 1,540 
great thermal divisions of the Republic. Nayarit. 
In Table No. 1 is presented the geographic coordinates 21.5 105.0 930 
and the elevations of the stations shown in Fig. 1. The iets 
arrangement is alphabetical by States; the arrangement Monterrey 
of the tables of temperature inte is alphabetical. Oazaca. 
98. 2 1,635 
tes and stations. 
Quer 
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498 MONTHLY WEATHER REVIEW. 
TasLe No. 1.—States and stations arranged alphabetically—Continued. 
North Eleva- 
u 
States and stations. latitude. | (Green- | tion. 
wich). 
San Luis Potosi. ° 2 Meters. 
Sinaloa. 
26.5 108.7 102 
23.1 106.4 
Sonora. 
27.9 110.9 
29.1 110.9 218 
Tabasco. 
Tamaulipas. 
26.0 98.1 30 
22.2 98.0 24 
Vv 23.7 99.1 324 
Tlarcala. 
Rd 19.3 98 2 2,240 
Vera Cruz. 
Yucatan. 
19.8 90.5 12 
20.0 88.9 36 
20.6 90.0 15 
Zacatecas. 
22.6 102.6 2,611 


1 Station listed in tables with “‘C” ( Ciudad, City) prefixed. 


The observations.—The Mexican meteorological service 
has maintained two series of temperature observations, 
one at the hours of 7 a. m., 2 and 9p. m., mean local time, 
the other at 8 a. m. and 8 p. m., 75th meridian time. In 
order that the series used in the discussion might be com- 
parable the records were reduced to the epoch 1901-1910. 

The method of reduction is best explained by an ex- 
ample as given in Table 2 below. The station used is 
Morelia (Seminario), and the observations ended in 1907; 
the object is to reduce them to the epoch 1901-1910. 


TaBLE 2.—Reduction of temperature to the epoch 1901-1919. 


{Morelia (Seminario), Michoacan, month of March. Mean temperature, 16.5° C.; observa- 
tions at7a.m.,2p.m.,9p.m. Figures without sign are positive.) 


> 
Differences. 
Comparative 
stations. gE 3 
1901 | 1902 108 190 1905 | 1906 | 1907 3 
os 
Guadalajara. ...... -1.4/-3 —2, 5} 19.3) 16.8 
uanajuato....... —0. 9\—2. 6|—2.9 —1.0 —1.6| 18.3) 16.7 
—0.7|—2.3|—2. 7,-1.3, —2. 3|-0. —1.7| 187) 17.0 
ueretaro......... —0. 6|—2. 4,-1.3 —2. 0|\—1. 4;—-0. 5} —1. 3) 17.8) 16.5 
4.0) 2.3 4.6 3.6) 5.8 5.3)....|....].... 4.2| 12.4) 16.6 
Reduced temperature, 16.7° C, 


Thus it is seen the reduced temperature for this sta- 
tion is 16.7 C., which corresponds to the mean for the 
epoch 1901-1910. 

In the Observatoria Central de Mexico reductions have 
been made as above of all of the observations of the 
meteorological service separately for 8 a. m. and 
8 p. m., 75th meridian time, and also for the series, 
7 a.m. 2p.m.9p.m 

3 


Ocroser, 1993 


In referring to the different series the following sim- 
plified notation will be used henceforth throughout this 
discussion: 


The custom has been to use as daily means of temper- 
ature the average values derived from the system 7, 2, 9; 
max., min., or even that of 8, 8; which latter falls far 
short of giving the accuracy demanded in monthly and 
annual values. The corrections that recent studies have 
revealed may exceed 1.5° C. in not a few cases, as will be 
shown later. 

Hourly temperature records.—Hourly records of tem- 
perature are available for the City of Paxico only; using 
these to obtain a correction to reduce to the mean of 24 
hourly observations the following corrections are found 
for the annual means: 


This subject, however, will be fully discussed in Part 
III. For the present it suffices to say that the means of 
the 7, 2, 9 system approach most nearly to those deduced 
from 24-hourly observations. These unreduced means, 
especially those of the 7, 2, 9 system, serve to illustrate 
in a general way many phases of temperature distribu- 


tion. 

In Table 3 will be found the monthly and annual means 
reduced to the epoch 1901-1910 for the separate hours of 
8 a. m. and 8 p. m., 75th meridian time, the means of 
the combination 8+8+2 and of 7+2+9/3. The ar- 
rangement of the table is alphabetical by stations; and 
the geographical coordinates and elevation will be found 
in Table 1. 

From the data of Tables 3 and 4 a series of charts have 
been prepared to show, first, the month to month varia- 
tion in the monthly means, and, second, the monthly 
surface isotherms. 


TaBLE 3.—Monthly and annual mean temperatures (°C.) reduced to the 
epoch 1901-1910. 


818 
Ahualulco: | 
8a.m...... 9.9} 10.4 12.1) 14.7) 18.1) 19.2) 18.7| 18.4) 18.1) 16.7] 12.9) 10.7 15.0 
8p. m...... 20.3) 21.8, 24.6) 27.2) 27.9] 26.2) 25.0 24.2) 24.0) 23.8] 22.1) 20.0) 23.9 
15.1| 16.1] 18.4) 21.4 23.0 22.7) 21.8 21.3) 21.0) 20.2) 17.4) 15.4) 19.5 
16.3) 17.3) 19.7] 22.4) 24.0) 23.2, 22.4) 22.0} 21.9) 21.0) 18.1| 16.4) 20.4 
u 
13.7] 15.0} 17.2| 19.3) 20.9} 21.8) 22.8) 19.9] 19.6] 18.6) 15.6] 14.0) 18.0 
39, 21.2) 21.6) 23.7] 25.6) 26.6] 26.9] 25.2! 23.6) 23.3] 23.1) 22.0) 21.2) 23.7 
6.6... 17.4, 18.3] 20.5] 22.4) 23.8) 24.4] 23.0) 21.8] 21.4] 20.8| 18.3) 17.6) 20.8 
19.8| 20.5| 22.4] 24.7) 26.0) 26.5] 24.6) 23.2) 23.0) 22.5) 21.2| 20.1) 22.8 
u 
$6. 10.8 12.8} 14.5 16.4) 18.0, 17.3) 16.9! 16.3] 15.3) 13.4] 10.8: ut 
19.0} 20.4] 21.9) 23.3, 24.1) 22.5) 21.2) 21.1] 21.0) 20.9, 20.4) 18.8) 
14.4! 15.7] 17.4] 18.9, 20.2) 20.2} 19.2) 19.0} 18.6] 18.1) 16.9) 14.8 
16.2| 17.5) 19.8) 21.8 22.6) 21.8| 20.7] 20.4] 20.4] 20.4) 18.0) 16.3) 19 
C. Juarez: - 
Se. 1.5] 3.5) 11.9 16.5) 20.7] 21.5) 20.7] 17.6] 11.3} 5.7) 2.0 
8p.m...... 9.8) 12.5] 16.5) 21.1 26.4) 29.2) 27.9] 25.0) 20.2 13.9} 8.8 2.1 
5.6} 8.0! 12.0) 16.5 21.4) 25.0] 25.4) 24.3] 21.3] 15.8] 5.4 
7,8, 9.42... 6.9) 9.6] 13.5) 17.7, 22.9) 26.6] 27.6 26.1) 22.2] 16.3) 10.4) 6.2) 1 
C. Victoria: | - 
8a.m......| 11.6) 13.2) 16.6 20.1 22.5) 24.2) 24.1] 24.2] 22.6] 19.9 15.8) 13.0 10.5 
17.8 20.0) 24.4 27.6 29.4 30.6) 28.7| 30.1/ 28.1] 24.2 20.4) 17.8 24.8 
14.7; 16.6, 20.5 23.8 26.0, 27.4) 26.4 27.2) 25.4) 22.0, 18.1) 15.4 
16.4. 18.2) 22.0 25.2 27.4 28.71 27.9] 29.01 27.2] 22.2) 19.1) 16.4 23. 


Fig. 1. Location of temperature stations in Mexico. 
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TaBLE 3.—Monthly and annual mean temperatures (°C.) reduced tothe Taste 3.—Monthly and annual mean temperatures (°C.) reduced to the 
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Vigia (hico: | | 
% Rio Bravo: 
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OcroBER, 1923. 
Taste 4.— Temperature changes from month to month, 7, 2, 9 sys- 


tem (°C.)—Continued. 

3 

a | 

—0. 0.9} 2.3) 2.5) 1!—0. 1|—1. 2/—1. 7; —1.6 
Tuxtla 1.3) 1.4) 1.9) 
tied —0.4) 0.4 “a 0.9! 1.2) 0.5|/—0.1) 0.1)—0.5)—1. 1|—0. 8|—2.0 
Valladolid........... —0.5) 0.9) 1. 17) 1.1/—0.4/—0.5 —0. 1'—0. 
Valle de Bravo...... —0. 1.3} 2.4) 1.8) 6/—0. 2/—0. 5|—1.0/—-1.4 
Vigia Chico.........- —0.5) 1.3) 1.1) 10) 0.9) 0.7) O.1 4}—1. 5 
—0.4) 0.6) 1.2) Li 10) 0.3) 
Zacatecas, Bufa...... 1 2.4, 2.4) 
Zacualtipan........- —0. 1.3) 2.2) 2.3) 2\—0. 


Taste 5.—Months of maximum and minimum temperature (7, 2, 9 
system), with amplitude in °C. 


Stations Max. | Min. | Amp. Stations. Max. | Min. | Amp. 
| 

Ahualulco. ....... May..) Jan.. 7.7 || Apr...| Jan.. 5.9 
June..|...do. 6.3 || Ojinaga........... June..} Dec...} 17.0 
C. Guzman -| May... ...do. 6.4 || Pachuca.......... May...| Jan.. 4.9 
July.., Dec...| 21.4 || Parral............ June..| Dec...| 13.4 
May...| Jan.. 4.4 || Piedras Negras....| July...) Dec...) 20.1 
Colotian. ......... June..; Dec...; 11.1 || Pochutla.......... Apr...| Jan.. 3.6 
Comitan.......... May...) Jan...) 4.9 || Progreso.......... June. .|...do. 4.8 
Cuernavaca....... Apr...| Dec... 5.3 | Puebla............ 5.7 
Culiacan.......... June..'...do 9.5 ueretaro......... ..-d0. .|...do. 7.7 
Chihuahua........ .--do..|...do 16.3 o Bravo........ June..}...do..} 14.3 
Chignahuapan....} May...) Jan 7.1 Salina Cruz....... May...}...do. 3.5 
June.. 0) 10.1 June..| Dec...} 12.6 
..-d0..} Dec...| 12.7 || 8. Cristobal....... Jan.. 5.1 
Quadalajara.......| May...| Jan...| 7.9 || S. Juan Bautista..|...do..|...do. 6.4 
Guanajuato....... 7.7 || S. Luis Potosi..... June. .|...do. 9.6 
Guaymas......... July 2.) Dee...| 12.3 |! Sierra Mojada..... .-.d0..| Dec...; 13.6 
Hermosillo........ July. .|...do 14.6 || Silacayoapan...... Apr Jan.. 5,2 
Huejutla.......... June..| Jan.. 9.3 || Tapachula........ ty) do. 2.5 
Isla Mujeres....... Aug...|...do. 3.8 || Tampico.......... June..}| Dee 8.6 
.-do. 6.5 || Teocaltiche....... ..-do..} Jan 9.5 
---d0. .}...d0. 8.7 || Tlaxcala.......... ..-do. 5.9 
June..|...do. 8.3 || Toluca............ 6.7 
Lampazos......... Aug...| Dee.l..) 16.4 June..| Dec... 13.5 

_ May...| Dec.. 9.3 || Tuxtepec......... Jan.. 7.2 
Mascota........... June..} Jan.® 6.2 June. .}...do. 5.8 
May...| Jan 6.6 || Valladolid........ .-do. 5.5 
Mazatlan......... Aug...| Feb 7.8 || Valle de Bravo 0..|...do. 6.5 
we Jan.. 6.1 || Vigia Chico....... ug...|...do. 5.2 
..do..|...do. 6.6 July. .|...do. 4.2 
Monterrey... . Aug...| Dec...| 13.6 || Zacatecas, 
Morelia, Obs...... = Jan.. 6.4 || Zacatecas, ~~ Jan 7.4 
Morelia, Sem...... ..-do..|...do. 6.6 || Zacualtipan....... .do. do 7.2 

1 January also. 2 August also. 3 February also. 


Range in monthly means.—The range or — in 
the monthly means is graphically shown in — 3. 

It is greatest in the State of Chihuahua, where it 
amounts to 22° C. as may be seen from the figure; 
it diminishes thence toward the equator, amounting to 
but 6° C. in the Isthmus of Tehuantepec and elsewhere 
in the south. 

With advance from the northern frontier toward 
lower latitudes the annual variation in temperature 
undergoes continual change that ultimately results in 
types of variation peculiar to tropical regions. In sum- 
mer the variations from month to month are at first 
quite small. Later they not only become zero but a 
m sign to negative, with temperature fall toward the 
middle of the year that is more considerable the lower 
the latitude, until at the most southern stations there is 
clearly defined two maxima and two minima. 

Time of occurrence of annual maximum and minimum.— 
These data are graphically shown in Figure 4 and the 
tabular values appear in Table 5. 

Months of maximum and minimum temperature —In 
all parts of: Mexico south of the Tropic of Cancer the sun 
must be in the zenith twice each year; therefore a rapid 
Tise in temperature is to be expected as the sun F - 
proaches and crosses the zenith at any place. e 
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months of maximum temperature in southern Mexico 
are April and May; north of the tropic the maximum 
is reached in by far the greater part of the area in June, 
and in certain limited areas in July and August, as may 
be seen from Figure 4. 

The delay in reaching the annual maximum until 
August is due to a climatic condition peculiar to certain 
portions of Mexico. The author discusses. this condition 
rather a under the term “perturbacion de verano,” 
which we have freely translated as “summer tempera- 
ture anomaly.” The regions where the summer tempera- 
ture anomaly prevails are shown in Figure 4, the chief 
one being in northeastern Mexico (see the region marked 
“August”’); a similar though less marked region appears 
on the northwest coast. In these regions the first maxi- 
mum occurs in June, but in July, on account of the 
cloudy rainy weather that prevails, the temperature falls 
as compared with the preceding month but rises some- 
what in August slightly exceeding the June tempera- 
tures, and thus the maximum falls in August rather than 
in June or July. 

In general it may be said that in Mexico between lati- 
tudes 16° and 23° north, the maximum is recorded in one 
of the six months, from April to September. A curious 
fact in connection with the occurrence of the maximum 
in the aemmang of Yucatan is that, notwithstanding 
the small extent of this territory and absence of the influ- 
ence of altitude, the maximum advances from west to 
-_ that is, from the Gulf of Mexico to the Caribbean 

ea. 

The annual minimum.—After August the temperature 
falls progressively until December or January, except at 
stations having an equatorial thermal regimen. On the 
coasts of Sinaloa and Jalisco there is a small region 
where the annual minimum tends to occur in February, 
but the territory as a whole may be divided into two 
great regions, in the first of which the minimum occurs 
in December and in the second in January as shown in 
Figure 4. 

SURFACE ISOTHERMS. 

From the monthly means derived from the 7, 2, 9 
system surface isotherms have been drawn for each 
month and the year, as shown in Figures 5 to 17. 

This series of charts clearly shows that elevation and 
distance from the sea are the dominant factors in the 
temperature regimen of the Republic. The several 
monthly charts enable one to closely follow the course 
of the monthly means throughout the year. The areas 
shaded in red are coextensive with regions having 
monthly means below 20° C. (59° F.) and by noting 
the decrease in the area of red shading and the increase 
in the area without shading-monthly means in excess of 
20° C., one gets a very accurate picture of the month to 
month variations in mean temperature. 

On the annual chart, Figure 17, the region of highest 
temperature is found in the Isthmus of Tehuantepec and 
in other places in southern Mexico, including the penin- 
sula of Yucatan. The greatest cold is experienced in the 
elevated regions of the Mesa del Norte as at Zacatecas; 
in the Mesa Central; Toluca, also in Chiapas at San 
Cristobal. The author remarks that there are other 
places that are hotter and those that are colder for which 
no data are available. In these cases, however, local 
conditions are the influences producing such extremes. 

Comparing these extremes in annual means with those 
experienced in the United States it may be remarked 
that the annual mean temperature of Key West, Fla., 
approaches most nearly to the high annual means for 
points in southern Mexico. 
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Places in the United States having annual means close 
to those experienced on the high plateau of Mexico will 
be found along and near to the 38th parallel of North Lati- 
tude, but naturally similar annual means do not signify 
a similar temperature regime throughout the year. 

Midwinter mean temperatures in Mezxico.—The small 
table below presents statistics of January monthly means 
in the cold zone of Mexico (arranged from south to north) : 
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In the maritime region the temperature remains above 
26° C. (78.8° F.) and north of 22 degrees and in parts of 
Tabasco and Quintana Roo it continues above 28° ©, 
(82.4° F.). 

In August the conditions are but little changed. 

September marks the beginning of a fall in tempera- 
ture, particularly in the central and eastern part of the 
country and on the high plain and Chiapas. 


By October a general fall in temperature takes place 
and the isotherms of this month bear a striking resem- 
6 ce - blance to the annual curves. 
The winter isotherms of 10° C. (50° F.) appears in De- 
Zacatecas (Bula)...........-.ss0sc0sc0.ccce) 228 | 2611 10.2 50.3 cember in the northern region and indeed a minimum of 
| “4 6° C. (42.8° F.) appears in the vicinity of Ciudad Jaurez. 
f 45 67 8 9 10 MOT. 
T T ~~? 
2% 43.5% 
AC 10°C 


ANY 
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Fia. 18.—Isopleth, City*of Mexico 


Pes last named is an example of extreme continen- 
tality. 

By March mean temperatures below 10° C. (50° F.) 
disappear and by May, the month of maximum tempera- 
ture in the cold zone, the temperatures are above 20° C. 
everywhere except in limited portions of the Mesa del 
Norte, the Mesa Central, and Chiapas. 

In July the temperature has begun to fall noticeably 
in different regions; in all of the high plain (mesata) tem- 
peratures are below 20° C (68° F.), and in the northern 
andgnorthwestern parts of the country the isotherm of 
30°, remains. 


Part II. TEMPERATURE VARIATIONS IN THE oF MEXICO. 


Special importance attaches to the records of hourly 
temperature made at the central office of the Sermcvw 
Meteorologico of the Republic. of Mexico in the city of 
Mexico. 

&.The Cit, ° Mo>ivo, situated in the valley of the same 
name, has the following geographic coordinates: Latitude, 
19° 26’ 4’ N., longitude, 99° 11’ 25’’ W. The elevation 
above sea level is 2,240 meters (7,349 feet). ‘The observa- 
tory, removed in 1916 to the city of Tacabaya, was 
located from the beginning on the grounds of the Palacw 
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Fig. 5. Surface isotherms (°C.), January (7+2+9)/3. 
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Fig. 7. Surface isotherms (°C.), March (7+2+89)/3. 
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Fig. 8. Surface isotherms (°C.), April (7+2+9)/3. 


95 
ee om 
~ 
~ \ » ene 
| 
\ 
; @ Guadalajara 
; 
: 


~s 
) 
/ | 
\ 
New 
| 
@ Silacavor hen { 25F 
shi ° Sa wt | 
has 
3 
| 
\ 
| 
~ 


Fig. 10. Surface isotherms (°C.), June (7+2+9)/3. 
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Fig. 11. Surface isotherms (°C.), July (7+2+9)/3. 
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Fig. 13. Surface isotherms (°C.), September (7+2+9)/3. 
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Fig. 15. Surface isotherms (°C.), November (7+2+9)/3. 
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Fig. 17. Surface isotherms (°C.), Year (7+2+9)/3. 
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Nacional; the temperature readings that have been used 
in this study relate to that location. 

Table 6 presents the hourly temperature values for 
Mexico for each month of the year and Figures 18-20 
the series of curves drawn from those values. 


TaBLE 6.— Mean hourly temperatures, Mexico City. (°C.) 
Sig 8 
8.9 10.8) 12.5| 14.3] 14.8] 14.8] 14.3 14.3] 13.9] 12.4] 11.4) 9,512.66 
8.4) 10.2) 11.9) 13.7) 14.5) 14.5] 14.0) 14.0) 13.6) 12.1) 10.9) 9.1)12.24 
7.9) 9.6) 11.3) 13.2) 14.1) 14.1) 13.7) 13.6) 13.4) 11.9) 10.6) 8.611.83 
7.4; 9.0) 10.6) 12.6) 13.6 13. 4) 13.4} 13.1) 11.6) 10.2 211.41 
6.9) 10.1| 12.2| 133; 13 6| 13.2| 13.2) 12.9] 11.3} 7.8111.07 
6.5; 81; 9.7; 12.0, 13.3) 13.6 13.4) 13.2 12.8) 11.2) 9.6 7.5/10.91 
6.5 7.9 10.2} 12 8) 14.3) 14.6 14.0) 13.8 13.3) 11.4) 9.8) 7.6)11.35 
7.3 9.0) 11.4) 14.2) 15.7) 15.7, 14.9 14.7; 14.3) 12.4) 10.7) 8. 5/12. 40 
8.8 11.3) 13.5) 16.1) 17 7) 17.2 16.6) 16.2) 15.5 13. 5} 12.3) 9.9)14.05 
11.0 13. 3) 15.9} 18 9, 19.6 18.9 18.1) 17.7) 16.9] 15.1) 14.2) 11.9/15.96 
13.0! 15.5, 18.3) 20.9: 21.3) 20.4! 19.5) 19.0] 18.1] 16.7) 15 9| 13. 7117.69 
14.9 20.0} 22. 4| 22.8 20.6} 20.2} 19.4) 18.0, 17.5| 15. 4/19. 17 
16.3) 18.6) 21.2) 23.5] 23.6] 22.6, 21.3) 21.2) 20.4] 19.1) 18.5) 16.7)20.25 
17-3) 19.5, 22.2} 23.9) 24.0, 23.3, 21.8) 21.8) 21.1) 19.6] 19.2) 17.6120. 96 
3p. 18.0 20.1| 22.3; 24.0) 23.9, 23.2) 21 8 21.5) 21.1) 19.8) 19.4; 17.9/21.08 
4p. 17.8) 19.0; 21.6) 23.4) 23.1) 22.1) 20.7} 20.8) 20.2) 19.5) 19.0) 17. 7/20. 41 
5p. 17.2, 19.2 20.4) 22.3] 20.9) 18.9| 19.6) 18.9] 18.7] 18.1| 16 8l19. 40 
6p. 15.7| 17.5| 19.0 20.2| 20.2! 19.4| 17.8| 18.3| 17.5] 16.6) 15.1\17.88 
7p. 14.3 15.9 17.7) 18.8| 18-3, 16.9 16.6) 16.31 15.3) 14.016. 67 
8p. 13.0) 14.9 16.5) 17.7, 17.9) 17.3! 16.3) 16.5| 16.0) 15.3) 14.3) 12.9|15.72 
9p. 11.9} 13.9, 15 6) 16.9) 17.2) 16.6) 15.8) 15.8] 15.4) 14.4) 13.4} 11.9]14.90 
10p. 11.0) 13.0 14.6) 16.1] 16.5, 16.1| 15.3] 15.3] 15.0, 13.8| 12.8) 10.9114. 20 
ll p. 10.3) 12.2 13.8) 15.3) 15.9) 15.6) 14.9] 14.9) 14.6) 13.3) 12.2! 10.3/13.61 
12. 9.4| 11.5 13.2) 14.7| 15.3) 15.2| 14.6) 14.5) 14.1) 12.8] 11.6] 9.8/13.06 
i] 
Mean... ..{11.57)13. 61 15. 05|17. 64,16. 74|16. 17/14. 80,12. 96 


TABLE 7.— Miscellaneous temperature data, Merico City. (°C.) 


11.57 | 13.61 15.56 | 17.50} 18.05 17. 64 
11.90} 13. 16.00 | 17.87) 18.50 18.17 
cadens 6.3 8.1 9.7 12.1 13.7 13.9 
15.0 17.0 18.7 20.1 199 18.9 
10.65 | 12.55 | 14.20! 16.10| 16.80 16. 40 
Mean maximum 19.1 21.1 23.8 25.5 26.1 24.3 
Mean minimum 5.6 6.9 8.8 10.9 12.3 12.7 
Mean of max. and min.............. 1235} 14.00} 1630/ 18.20} 19.20 18. 65 
Maximum hourly................06 18.0 20.1 223 24.0 24.0 23.3 
Minimum hourly .............e.ee06 6.5 7.9 9.7 12.0 13.3 13.6 
Mean, 784 11.60 | 13.40; 15.43 | 17.37) 18.083 17.80 
Hourly amplitude. ................ 11.5 | 12.2 | 126 | 120 | 10.7 9.7 
13.5 14.2 15.0 14.6 13.8 11.6 
culated: 
11.83 | 13.30| 15.56 17.35 | 18.02 17.63 
Mean maximum................ 18.98 | 20.69 | 23.52 25.84] 26.22 24.85 
Mean minimum................ 5.77 6. 83 8.83 | 11.98} 12.36 12. 60 
| 
alg 
| 8 j 2 
5 < | 
16.74 | 16.68 16.17 | 14.89 | 13.89 | 12.06} 15.36 
17.20 | 17.13 16.60 | 15.13 | 14.13 | 12.37 | 15.73 
13.4 13.3 12.9 | 113 9.5 7.4 10. 97 
17.3 | 17.6 17.4 | 16.9 | 16.0 | 14.5 17. 44 
15.35 | 15.45 15.15 | 14.10 | 12.75 | 10.95} 14.20 
23.1 | 23.1 | 22.0 | 21.2 | 19.9 | 18.6 22.32 
122 | 12.3 12.1 | 10.2 8.2 6.2 9. 87 
Mean of max. and min............ 17.65 | 17.70 17.05 | 15.70 | 14.05 | 12.40} 16.10 
Maximum 21.8 | 21.8 21.1 19.8 | 19.4 17.9 21.12 
Minimum 13.2 | 132 | 12.8 | 11.2 9.6 7.5 10. 87 
16 90 | 16.73 16.33 | 14.83 | 13.80} 11.938 | 15.35 
Hourly amplitude................. 8.6 8.6 8.3 8.6 | 9.8 | 10.4 10.25 
Total amplitude...........-...... 10.9 | 10.8 9.9 | 11.0 | 11.7 | 12.4 12.45 
Calculated: 
Mean, 24 hours..............-. 16 92 | 16.51 | 16.27 | 15.34 | 13.59 | 12.00; 15.36 
ean maximum.............. 23.21 | 22.37 22.04 | 21.34 | 20.08 | 18.95 | 22.34 
ean minimum............... 12.38 | 12.32 | 11.97 | 10.47 | 8.09} 6.20 9.93 


The course of the curves that represents graphically 
the diurnal march of temperature has the general features 
that correspond to conditions in middle and tropical lati- 
tudes. The temperature rises uniformly from the mini- 
mum, whose time of occurrence coincides more or less 
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with the rising of the sun. This ascending movement 
carries the curve to the maximum, which occurs, on an 
average, at 3 p.m. The temperature then falls contin- 
uously, but with less rapid change than during its rise, 
until the minimum of the following day. 

In the mean annual curve the amplitude in hourly 
values is 10.2° C. (18.4° F.), with minimum temperature 
of 10.9° C. (51.6° F.) at 6 a. m. and maximum of 21.1° C. 
(70.0° F.) at 3 p.m. Consequently the ascending march 
takes place during the period of 9 hours, and the descend- 
ing march in the period of 15 hours, there being a mean 
hourly change of 1.21° C. during the ascent and of 0.73° 
C. in the descent, which gives the ratio of 10:6. 

These conditions vary with the season of the year, and 
the example given should be taken only as a generality 
since, as is well known, the mean annual variation of 
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Fia. 19.—Temperature march, various hours, City of Mexico. 


any aE 5g element whatever does not actually 
occur on any date in the year. 

As has been stated, the minimum temperature occurs 
about sunrise, due to the fact that the loss of heat through 
nocturnal radiation does not cease until the increased 
insolation on the new day is rm my & great to com- 
pensate it. On examining the table of hourly tempera- 
tures it is seen that this minimum occurs at 5 a. m. from 
May to August, at 6 a. m. in March, April, September, 
October, November, and December, and at 7 a. m. in 
January and February, thus confirming the previous 
statement. The maximum is reached at 2 p. m. from 
May to September, and at 3 p. m. during the remainder 
of the year. These variations are due to cloudiness, 
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which increases considerably after midday during the 
summer, causing a premature fall in temperature. ; 

The amplitude of the extreme hourly values also varies 
with the season of the year, as will be seen in the table. 
With mean daily amplitude 10.2° C. (18.4° F.) the maxi- 
mum (12.6° C. or 22.7° F.) is recorded in March and the 
minimum (8.3° C. or 14.9° F.) in September. The values 
for the 12 months of the year give a curve whose form is 
similar to those for cloudiness and humidity, which shows 
that the amplitudes are subject to these influences. 

When the hourly means are examined with regard to 
annual march there are found some phenomena worthy 
of mention. 
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Fic. 20.—Difference, observed minus calculated. Observed values in small circles. 


The mean value of temperature at Mexico is 15.36° C. 
(59.6° F.); this is derived from the monthly values, 
means from 24 observations daily, which are as follows: 


°C. °F. °C. °F. 
13.61 56.5 16. 68 62.0 
March............... 15. 56 60.0 || September.......... 16.17 61.1 
17.50 63.5 14. 89 58.8 
18.05 64.5 || November........... 13. 89 57.0 
17. 63.8 12.06 53.7 
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The curve traced from these values (see fig. 19)’ 
corresponds exactly with the type that is characteristic 
of the Mesa Central. It has a minimum in January, 
a maximum in May and the annual march is interrupted 
slightly by the summer temperature anomaly in August. 
An examination of the table of hourly values, Table 6, 
discloses certain other anomalies with respect to the 
march of the temperature within the year. These 
irregularities are as follows: 

(1) The maximum which is normally found in May 
appears in April in the temperatures from 3 to 6 p. m., 
and this leads to the inference that the factors which 

roduce the annual maximum reach the Valley of Mexico 
in April, the same month in which the annual maximum 
occurs in the States of Guerrero, Morelos, Oaxaea, and 
Chiapas. 

(2) In general temperature falls from May to June 
with a mean change of 0.41° C (0.7° F.) but during the 
early hours of the day—from 1 to 8 a. m. the temperature 
rises, or at least there is no change. 

Since May is less cloudy than June nocturnal radiation 
is more effective in the first-named month, thus givin 
it a greater diurnal temperature variation. Theoreti- 
cally May should be solder than June but cloudiness 
plays such an important réle in the phenomenon that 
observation is contrary to theory. 

(3) The summer temperature anomaly hereinbefore 
mentioned is reflected very noticeably in the hourly 
temperatures. The temperature is higher in August 
than in July for the hours 4 to 8 p. m. and the hourly 
temperatures are the same in both months at 1, 2, 4, 5, 
a.m., 2,9, 10, and 11 p. m., so that the phenomenon is 
general from 2 p. m. until 5 a. m. or during a period of 
15 hours. 

(4) In Mexico the annual minimum, monthly means 
considered, occurs in December or January, in each 
case over a large extent of territory. In_ the city of 


' Mexico the monthly minimum occurs in January, the 


change from the preceding month being 0.49° C. (0.9° F); 
however, as in the case of the maximum, there are hours 
for which the minimum occurs in December. The 
cause of this phenomenon is the influence of cloudiness 
which is more marked in December than in January, 
especially in the afternoon and evening. 


Parr III. Repuctions or OssERVED MEAN TEMPERATURES TO 
° THE MEAN oF 24 Hours. 


The method of reduction of the temperature means de- 
rived from the 8, 8 and the 7, 2, 9 series to the mean of 24 
hours was necessarily an indirect one. The author had 
as a starting point the method used by Bigelow in his 
work ‘‘Report on the Temperatures and Vapor Pressures 
in the United States Weather Bureau Bulletin S, and 
since the 8, 8 system is common to both countries it was 
possible to pro ty Pama: curves of equal correction found 
im Bulletin S into Mexico. In so doing the hourly tem- 
perature data for the City of Mexico was of material aid. 

In the beginning of the work tables were constructed 
showing the differences 8, 8 minus 8 a. m. and 7, 2, 9 
minus 8, 8. From these differences it was possible to 
chart the corrections for reducing the mean of the 8, 8 
system to the mean of 24 hours. "hie is a statement 
in mathematical form of the course of reasoning pursued: 

As the difference between the remainders found when 
two quantities are subtracted separately from a third 1s 
equal to the difference between the quantities subtracted, 
if the quantities are designated A, B, and M, respectively, 


then we have 
AA-— AB=(B-A) 
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ry 
Piedras N 
88. 
8 


Tapachula: 
17) 


8 


- 
4 = Ci 
Morelia: | —1.0|—1.2|—0, 5|—-0.6/—0. 7|-0. 5|-0. 5|—-0. 7|-0. s|—-1. 0 
8 8. 0.8) 0.8) 1.1) 1.2) 10) 1.0 1.0; 1.0) 0.8] 0.7 0.9 ao 3.0) 
Le Le Le BiB. 8a.m......| 54) 5.7 3.0, 3.1! 2.8) 3.4! 4.4! 
Sa. m....../ 6.4) 6.4 6m 5.0 40 3.7 3.5) 3.3 5.7] 4.4 id ed 
—0. ~0.7 0.3) 03; 0.3} 0.5 0.4] 03) 0.4 0.5, 0.4) 0.6 0.6 0 
11) 14 1:3) 1:1) 09 7) 43, 45 41) 54 50. SI 
8.M......| 5.8 6m 5 $8) 3.3 3.9} 3.6 3.6) 4.6| 5.8) 4.9 
: 0.2! 0. 
2.9) 2 4 2, 
8'a.m......| | 
Pachuca: = 
2.51 2. 2. 
88. m......| | 2 
Parral: 0.4] 0. 
1. 
0. = 2| 0.1] 0.8| 0. 1, 
7| og 1.2) 1. 3. 
0.0\—0. 
o} 1. 0.9 13.2) 3 4.2 
= Pochutla: 
7, —0.9|—0.4) 2 —0.6\--0.7-0.5 | 0.8 
8, 8.........) 11) 1.5) 10) 1.2) 13) 1:3) 1.1] 10 1.1) 13 12 1, 
Sa.m......) 45 4.5) 47 4.3) 3:1) 34) 37) 32 31) 32 wal. 
. | 
8,8.........| 0.7) 0.8} 0.8) 0.6) 0.5) 0.6) 0.51 0.4] 0.6 0.6) 0.8 0.7 CTE 
8a.m......| 23) 2 a 2.2) 1.6) 1.2) La) 14] 15) 1.3! 1.8) 24) 18 
Puebla: 0.6! 0.7| 0.9! 0.7) 0.7] o8 0.8| 0. 
7,2,9... .-/—1.1/—1. —0.8 —0. 4|—0. 5|—0. 1|—-0. 1|—-0. 4|—-0. 0 —0. 9'—0.6 8a.m...... 3.0) 4.0] 4.6) 4.3] 3.7] 3.6) 2.5 3.2) 3. 
8,8 .......) 09) 09 13) 13! 11! Lo 12! 11) 0.7) 09 Lo Zacualtipan: 
8a.m......) 5.1) 5.9 62 5.1) 40) 3.3] 32) 33) 33 3.4) 4.4) 5.3) 4.4 0.0) 0.0 0.0 0.2)—0.2 
Queretaro: 0.7; 0.8} 0.7) 0.8) 0.8] 0.9 0.9) 0 0.8) 0.8 
7, 2, 0.0/0. 2-0. 4| 0. 4|-0. 5|—-0. 7|-0. 8 -0. 7|-0,6'—0.3 8'a.m...... 2.5] 2.4) 23) 23) 23 2.4 2.0, 2.3 
8,8.........) 0.9 09 12 13) 11) 1.3) Lil 09 08 1.0 LO | 
8a.m......) 5.8) 6.6 63) 5.3] 46 49 431 491 32 50 531 50 
Rio Bravo: 
~ 7, 2, 0.1) 0.1) 0.0\-0.1 9|—0. 7|—0. 4|—0. 4|—0. 2|-0. 4 
03) 03) O03 04 O40. 5} 0.4) 0.7, 0.6 0.6 0.4 
8a.m....../ 22) 23) 32 34 331 2 9 3.0} 38 3.1) 3.2) 29 
7,2,9......| 0.0.0.2) 0.0 0.1) 01] 0, 2) 0.0 0.1) 0.1) 02) 02 ;| | 
8,8........./ 0.8) 0.8 1.1 1.0) 0.7] 0, 0} 0.8 07 0.8 Lol 09 Station. | 
8a.m....... 20 2 3.0 22) 2 0} 26 21) 20 24) 26 218 = 
8, 0.4) 0.5 0.6) 0.5 0. 4) 0.5) 0.6 0.6) 0.5 0.5 phigh 
8a.m......) 28) 3.4) 3.7, 3.7) 3.9] 4. 8 3.5) 3.1) 291 28 3.5  Ahualuco...... 15.0 19.2, 22.3) 23.4) 22.9) 22.1) 21 16.1 2 
7, 2,9......|—0.6|—0. 7|—0.2 —0. 1|--0, 7|-0, 2|— 4\—0.4\—0.3  C. Guzman.....| 18.7, 20.3) 21.98 21.5) 20. | 2-2) 15. 
C. Juarez.......) 6. 12.6) 17.2) 25.5) 26.8) 25.1) 22016. 6.4) 1 
8, 8........./ 0.9 09 10 1.2 1.0 0.8 7; 0.6 0.7) 0.8 0.8 uarez.. | 1.3) 24.5] 27.9] 27.9 
8a.m......) 43) 5.1) 51 47) 38 25 # 1.9 22 3.0 35 34 Victoria..... 22,7 23.9 21. 4) 23 
| 13.8) 19.1) 21.4| 23. 24: 4| 29. 19 
an as a2 ec at 0.5 0,3  Comitan 14.9 17.5) 19.4) 18.7] 18.98 18.1/ 18. 15.817 
Ue ag od Tht 0.5 os 18. 21.6) 23.4| 23.9% 21.8) 20.1 17.7 20 
8'a.m......| 1.4) L 1.3 13 0.9 12) 1.3  Culiacdn......./ 19. 21-0) 23.3) 28.7) 28.2) 27.25. 22 19.4 
San Luis Potosi: | Chignabuapan..| 7.9) 11.2) 13.4) 14.6) 14.3] 13.7| 12.91.11 11 | 
7, 2 | Chihuahue 16.5) 20.4) 24.9) 25.4) 25.3) 24.0% 22: 18 
8,8........., 0.7 is 0.7, 0.7 Durango... 11.9) 18:7) 1861 17 
8a.mM......) 2 29 3.0 3.2 17:4] 17mm 20.1] 23.0] 23.31 30.0] 29.4 ON 25.5, 21007. 23 
Sierra Mojada: 15.4) 16.39 19.0) 21.7) 23.3) 22.9] 21.6, 20.9% 19 
7, 2, 9.......|—0. —0. 1 2 0.5) 0.0) 0.0 -| 13.3] 159 17.7| 20.2] 20.8! 19.9] 18.9 19 18, 17.5] 17 
0. 0.5 4| 0.7| 0.6) 0.6 | 18-4| 19.09 21.5) 23.8) 25.2) 28.7] 30.4 30.18 25 
8a.m......| 31 4.0 0) 2.9 2.3 3.6 16.9) 18.9% 21.0) 23.7) 26.9] 29.9] 31.5) 24 
Silacayoapan: | 24.0) 26.5) 27.9) 23.3] 27.7) 27.1 25, 5! 24 
7, 2 FL Isla Mujeres.....| 24.1) 24. 25.6) 25.1] 27.2! 27.3] 27.6 23. 27 25.24. 
0 6.2 7| 5.1) 5.2 5.0  Izamal.........) 20.5] 24.1] 26.0) 27.2] 25m 25.61 25.5) 25.31 23.9; 24.1 
| 13.5] 14.9 17.0 19.) 20.0} 19.99) 18.8) 18.9] 18.4] 17.3] 16. 17.3 
—0.7) 1) 0. —0. 7 Barca.......| 14.7] 19.2) 21,61 23,11 21.3) 20.6] 20.0) 19.0) 19.3 
1.2) 1.0 1.0) 1.0, 10 11) Lagos..........| 13.5] 14.9% 17.2} 19.5} 21.3| 21.) 20.2! 19.7| 19.0) 16 18.0 
| 42 3} 22) 25) 2.1) 3.1] 37) 31 13.1) 14 19.0) 22.9 27. 2} 20. 29.3 29.7) 27.1 22.6) 17. 22.2 
72, 9.....\-0.2 Manzanillo... 23.7} 23.9] 25.3] 27.0] 28. 28,6] 28.21 97.61 97:11 16.1 
0.7) 0.7; 0.8 | 0.7) 0.4) 0.6) 0.7 16.0) 16.9% 17. 5| 19.5| 21.3] 21.9] 20.9] 20,51 19.61 17 19.2 
8a.m......! 17 1.5) 5} 1.5) 1.6 1.8 1.4) 15 Maxcanu......./ 21.0) 22.0 24. 7| 25.5| 27.5| 26.0! 28.01 25.7] 24.4] 24.6 
Teocaltiche: Mazatlan.......| 20.8) 20. 21.5) 22.7| 24.6| 28.0) 28.3] 28.3| 97.3 24.0 24.6 
7, 2,9......|—0. SI —O, 4 4|—0. 4|—0, —0. —0. 4|—0. 2'~0.5 
8,8.........| 08) 1.0 0} 1.0) 1. 0.9 0.9) 0.9 ..| 22, 26.9) 26.4] 26.5] 26.3 
7.6 58 4.6 7.0) 7.3) 6.3 13. 12.7 16.7) 16.2) 
epic: | -| 5, 5. | 4 3 
7, 2,9......|-O.1 ~0.6 io. 6/—0. 8 —0.6|—0. 7/—0.4 12! 14. | 18.8) 18.2) 17.2] 
8, 8.........| 05) 0.6 0.5 0.6 0.6| 0.5] 0.6 13. | 18.6) 17.4| 16.5 3 
xcala: 4 30. . B ) 
7, 2,9....../-0.8 —0. - —0. 4|—0. BBD. 5|—1. 0, fo! 12. 15.7) 14.8) 
| 1.2) 1.3) 14 1.2) 12 11. 22.7; 21.4 19.0) 
8a.m......| 5.6) 3.41 Gl 3.8) 4.3) 5.1) 4.5 21. 26. 2| 25.4 25.2} 
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TABLE 9.—24-hour mean temperatures by reduction. (°C.)—Contd. 


507 


TABLE 10.—Centers of reduction. Grouping of stations and geographical 
coordinates of centers—Continued. 


as 
Cantar and stations, | Lande, 
| & SIS 2 west. 
Piedras Negras.| 11.9} 14.4) 19.2] 22. 26.0 29.6; 29.6) 30.6] 27.1) 21.6) 15.4] 11.0} 21.5 
Pachutla....... 23.6| 24.5| 25, 8| 27.0) 27.4| 27.2) 26.1| 25.9} 26.1] 25.8] 24.7| 23.8) 25.7 (6) 22.2 98.0 
Progreso. ...... 21.7) 22.3) 23.7] 25.1) 26.3] 26.8 26.4) 26.6} 26.9) 26.1| 24.4] 22.8] 24.9 C. Victoria 23.7 99.1 
Puebla........- 11, 2} 12.3) 14.7| 17.1] 17.5) 16.9) 16.5) 16.3) 15.5) 14.6) 13.3] 11.6) 14.8 25.6 103.4 
Queretaro...... 13.1) 14.6! 17. 20.0) 20.¢ 20. 3 19.2) 18.7! 17.9 16.6) 15.1) 13.5] 17.3 25.4 101.0 
Rio Bravo.....| 15.1] 16.7) 20.¢] 23.7] 26.9} 29.6) 28.4) 28.3) 26.4) 23,7) 18.5} 15.4] 22.8 Queretaro 20.6 100.3 
Salina, Cruz....| 24.*] 25.2) 26.7] 28.0} 28,4} 28.0, 28.0) 28.2} 27. 27.2) 26.2) 25.3] 27.0 San Luis Potosi 22.2 101.0 
Saltillo........- 11.2] 13.7] 16.6] 19.2] 22.2] 23.4) 22.3] 19.9] 16.5) 12.6] 11.0] 17.6 22.6 102.6 
Cristobal. ...} 10.7] 11.7) 13.6] 14.1] 15.7| 15.6 14.7] 14.4] 14.6] 14.6) 13.6] 11.7] 13.7 23.2 100.5 
§.JuanBautista_| 22.7 26.2| 23.1] 29.5 28.5} 28, 6) 27.6| 26.2) 24.9) 23.6] 26.5 (7) 78 23.2 106.4 
§. Luis Potosi..| 10.4] 12.9 15.9 19.9 20.5} 20.4 19.3] 19.2) 18.2] 15.9 14.0] 12.2] 16.5 1, 683 22.6 103.6 
Sierra Mojada..) 12.9) 14.5) 18,1} 29.9] 23.9} 25.4 24.6] 24.2) 21.8 18,6) 15.1) 12.0} 19.3 1,903 24.0 104.6 
Silacayoaran...| 15.4] 16.8 19.0] 20.4) 29.5] 20.2 19.3] 19.0) 18.8] 18.2, 17.0) 15.7) 18.4 2, 443 22.6 102.6 
Tapachule..... 23. 7| 24.8 26.3] 27.3] 26.9) 25.9 25.0) 24.6) 24,2! 25.0, 25.6) 24.6| 25.3 22.8 104.4 
Tampico....... 19, 4] 20.0; 22.4] 24.6] 26.7} 27.9, 27.8| 27.9] 27.3] 24.8) 22.1] 19.2) 24.2 (8) Manzanillo. 4 19.0 104.3 
Teocaltiche... .| 12.6] 14.0, 17.3] 20.0] 22.2} 22.5 20.7] 19.9] 19.2] 17.8 14.8] 13.3] 17.9 507 19.2 103.7 
Tepic. 14.9] 16.0 18.4] 21.0] 22.6] 23.3: 22.6] 21.4) 21.0] 20.6) 18.6) 15.7| 19.7 | 930 21.5 105.0 
xcala......- 11.6] 12.9) 15.3] 16.9] 17.5] 17.0! 16.6] 16.1] 15.6] 14.9] 13.5) 12.4| 15.0 1, 003 19.5 104.5 
Toluca..... 7.9] 9.1) 11.9] 13.9] 14.9] 14.5 13.6] 13.5] 12.8] 11.7) 9.9] 8.6] 11.9 1, 238 20. 6 104.7 
Torreon........ 14.0] 15.8) 19.7] 22.9] 25.0] 25.8 25.4] 26.5) 24.0] 20.9) 17.2) 13.8] 21.1 1,325 20. 8 103.9 
Tuxtepec. ..... 20.6} 21. 7; 24.0) 26.7, 28.0) 27.6; 26.6) 26. 5; 26.4) 24.6) 22.8) 21.6; 24.7 dv 1,558 20.7 103. 4 
tierrez........| 20.7] 21.8] 23.5] 25.7) 26.3] 25.8] 24.9] 24.7] 24.9) 23.8] 22.4] 21.4) 23.8 20. 4 104. 1 
21.2| 21.5} 23.6] 25.5) 26.8| 27.4) 27.3] 27.2) 26.4] 25.4) 23.4] 21.3) 24.7 (9) Manzanillo... 4 19.0 104.3 
Valladolid... .. 20.5| 21.8) 24.2) 25.7| 26.4) 26.5} 26.3) 26.3) 25.8] 24.1| 22.5) 21.4| 24.3 507 19.2 103.7 
Valle de Bravo.| 12.8] 14.1] 16.6| 18.3] 19.4] 18.5! 17.5) 16.7] 16.4) 15.6] 14.7] 13.4) 16.2 1,529 19.6 103.5 
Vigia Chico... .| 22.5] 23.8} 25.1] 25.8) 26.7) 27.1| 26.9] 27.2] 26.9] 25.7| 24.4] 23.2) 25.5 1,532 20.3 102.5 
23. 24.4| 25.5] 26.6 27.4) 27.7| 27.7] 27.7) 26.9] 25.5) 24.6] 24.3) 26.0 1,724 21.2 102.3 
Zacatecas, Inst.) 9.6} 11.0) 13.5] 16.2| 17.8] 17.4) 15.6) 15.8! 14.7) 13,1] 11.7] 10.4) 13.9 1,809 21.1 101.6 
Zacatecas, Bufa | 10.4| 11.4! 13.7] 15.7) 16.5) 16.6) 15.4] 15.3] 14.1) 12.9) 11.9] 11.2) 13.8 1,872 21.4 101.9 
Zacualtipan....| 9.3] 9.9] 11.6] 13.9] 15.9] 15.7) 15.2) 15.0) 14.2) 12.6) 11.0} 9.6) 12.8 nc 1,925 19.7 101.1 
pc 2, 037 21.0 101.3 
Part IV. Repuction or TEMPERATURE TO SEA LEVEL. (10) Manzanillo... 
The 70 stations used in this discussion may be classed Forhutla...... 15.7 | 96.8 
with respect to altitude as follows: Pe so : 17.5 99.9 
Stations with less than 500 meters elevation..... 27 22.2 98.0 
Stations with elevation greater than 2,500 meters. ..... = de Bravo 19.2 100.0 
In brief, the method of reducing the temperatures to Zacualtipan 20.5 98.6 
Puebla 19.0 98.1 
sea level was accomplished about as follows: 98:3 
The stations were assembled in groups as shown in 19.4 99.1 
Figure 21 and the coordinates of each group were calcu- 20.1 98.7 
lated. The stations in the group and the group coordi- 
n j i 12 19.2 96.1 
ates are given in Table 10 Tam 24 22.2 98.0 
TaBLE 10.—Centers of reduction. Grouping of stations and geographical 
coordinates of centers. 1,399 19.5 96.9 
5 
uxte 5 q q 
Centers and stations. tude, 18.2 95.2 
: west. 164 15.7 96.5 
1,399 19.5 6.9 
1,543 17.1 96.7 
1/635 17.5 | 98.3 
27.9 110.9 2, 150 19.0 | 98.1 
29.1 110.9 17.8 | 97.0 
31.7 106.5 (14) Ul 12 19.2 | 96.1 
28.6 106.1 22 18.0 | 92.9 
29.3 108.6 25 18.1 | 96.1 
9 27.9 110.9 56 16.2 95.2 
53 24.8 107. . 536 16.6 93.1 
78 23.1 106.4 17.6 64.7 
25.6 108.3 56 16.2 96.1 
102 28.5 108.7 536 16.6 93.1 
1,135 25.6 103.4 1,635 16.2 92. 1 
1,730 9 108.0 1 ‘ 
221 23.7 100.5 187 14.9 92.3 
533 25.7 100.3 2,118 16.7 92.6 
800 29.6 104.4 17.2 90.5 
1,605 25.4 101.0 18.2 87.8 
27.0 102.1 12 | 19.8 90.5 
30 26.0 98.0 15 | 20.6 90. 0 
317 27.0 100.5 22 | 21.0 89.6 
394 23.7 99.1 o's 22 | 20.7 88. 2 
533 25.7 100.3 36 | 20.0 88.9 
1, 605 25.4 101.0 | 20.2 88.7 
26.1 99.9 
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TABLE 11.—-Mean temperatures at planes, derived from the curves 
giving temperature gradient with altitude. (°C.)—Continued. 


AT 2,500 METERS, 
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AT 3,000 METERS. 
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TABLE 12.— Vertical temperature gradient (°C.). Mean values per 100 
meters. 


Zones (in meters). 
Centers. 

Oto | 500 to |1,000to | 1,500 to |2,000to |2,500to| Oto 

500. | 1,090. | 1,500. | 2, 2,500. | 3,000. | 1,500. 


_ CLIMATE OF SAN JOSE, CALIFORNIA. 


Esex S. Nicuots, Meteorologist. 


[Weather Bureau, San Jose, Calif., Sept. 26, 1923.] 


PHYSICAL BASIS OF THE CLIMATE. 


San Jose is situated in latitude 37° 20’ N. at an eleva- 
tion of about 100 feet above sea level near the western 
coast of the North American Continent, only about 30 
miles distant from the Pacific Ocean. 

The city lies in the midst of the Santa Clara Valley, 
the floor of which is generally nearly flat. In the imme- 
diate vicinity, the slope is about 20 feet per mile north- 
northwestward toward San Francisco Bay, the southern 
end of which is about 10 miles distant. Isolated hills 
rise to a height of about 450 feet 3 miles south of town, 
while it is about 8 miles westward to the foothills of the 
Santa Cruz Mountains and about 5 miles in the opposite 
direction to the Mount Hamilton Range foothills. ese 
two members of the Coast Range system and connecting 
ranges run in a northwest-southeasterly direction ap- 
proxime alg parallel with the coast. The valley, the 

ay, and other valleys both northward and southward 
lie in the trough between the two ridges. No topographic 
features prevent the free flow of air between the valle 
and the bay. The main portion of this practically land- 
locked body of water is 42 miles from northwest to south- 
east, 5 to 13 miles wide, and its total area is about 450 
square miles. It is an arm of the ocean, salt, and subject 
to tidal fluctuations. Being more affected by land tem- 
peratures, it must be somewhat colder in winter and 
warmer in summer than near-by parts of the Pacific. 

Peaks of the Mount Hamilton Range rise above the 
4,200-foot level, and extensive highlands east of San Jose 
are about 2,500 feet in elevation. These mountains are 
sufficient to protect the valley to a great extent from the 
hot, dessicating summer air of the interior of the State, 
as well as from many cold spells of winter and spring. The 
Sierra Nevada Mountains, peaks of which ascend to 
heights above 14,000 feet, lie about 125 miles east-north- 
eastward. As far as we are concerned, the effects of this 
range are mainly the following: Slowing up and deflect- 
ing the general wastward drift of the lower air strata 
and preventing cold surface air overlying the Great Basin 
during cold waves from overspreading California. 

Although the Santa Cruz Range west of San Jose is 
only about 2,500 feet in elevation, it deflects and breaks 
the force of the ocean winds, largely prevents ocean fog 


from reaching the valley directly, and, by its foehn or 
chinook effects, reduces cloudiness and rainfall and raises 
the temperature of west and southwest winds. ; 

The prevailing drift of the lower atmosphere in this 
art of California is from northwest to southeast, largely 
rom an area of high atmospheric pressure off the coast. 
Therefore, through the winds, the ocean has a great effect 
upon San Jose’s climate, which it could not have if the 
wind blew from land to water. The ocean is the main 
source of moisture. For many reasons a body of water 
maintains a more constant temperature than does a body 
of land under the same conditions; so the ocean, aided 
by the bay, modifies the temperature, making winters 
warmer and summers cooler than otherwise. The sur- 
face water near the coast is colder than that some hun- 
dreds of miles out to sea, due to the up-welling of cold 
water along shore, although the main surface drift in 
this part of the ocean comes from the northwest in the 
California Current and is of comparatively low tempera- 
ture for the latitude. The average annual water tem- 
perature near the coast west of this district is reported 
as about 55°, varying from about 50° in winter to 60° 
in late summer. 


SOURCE OF CLIMATIC DATA. 


The following brief description of the climate of San 
Jose is based mostly on records kept at the Weather 
Bureau office in that city. The instruments and their 
exposures have been practically unchanged from a short 
time after the San Francisco earthquake of 1906 to date, | 
and the data for the 17-year period form a homogeneous 
series. The meteorological instruments used are of types 
too well known to need any description here, being stand- 
ard equipment of regular United tates Weather Bureau 
stations. The most important are the following: Mercu- 
rial barometer, aneroid barograph, Robinson cup ane- 
mometer, 6-foot wind vane, electrical sunshine recorder, 
tipping bucket rain gauge, maximum and minimum ther- 
mometers, Richard thermograph, whirled psychrometer, 
and quadruple register. The accompanying Table No. | 
gives many of the data used in the preparation of this 
article, as well as many details that can not be referred 
to in a discussion of reasonable length. Further details 
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are given in the following Weather Bureau publications 
particularly: ‘‘Climatological Data, California Section,” 
in monthly and annual numbers; ‘Climatological Data 
for the United States, by Sections, Section 14”; Monthly 
and Annual Meteorological Summaries for San Jose; 
‘‘Monthly Weather Review”; annual reports of the Chief 
of Weather Bureau. 


ATMOSPHERIC PRESSURE. 


The average atmospheric pressure, in terms of the 
height of a mercury column it can support, is 29.89 
inches, which is only 0.15 inch less than at sea level in 
the same locality. Great and sudden changes are un- 
usual. The annual range is usually less than 1 inch. 


SUNSHINE AND CLOUDINESS. 


The electrical sunshine recorder is exposed on the 
tower of the Federal Building, in which the office is 
located. Eye observations of cloudiness, supplementing 
the instrumental record, have been taken regularly 
at 7 a.m. and 5 p. m. throughout the 17 years and at 
local mean noon for 6 years, as well as at other times, 
particularly during the daylight hours. 

In this latitude the length of day varies from 9.6 
hours at the time of the winter solstice to 14.7 at the 
summer solstice; while the midday altitude of the sun 
is about 29° at the former time and about 76° at the 
latter. However, the seasonal variation in the amount 
of insolation, or radiant energy from the sun, received at 
the earth’s surface is greater than these astronomical 
data taken alone would indicate; for there is an average 
of about 84 per cent of the possible sunshine from June 
to August, inclusive, when sunshine is most intense, and 
but 56 or 57 per cent in December, January, and 
February. The average number of hours of sunshine in 
July is 384.5, while the number in December is only 
167.6. But the greater intensity and duration of summer 
sunshine is somewhat offset by the greater absorption 
of insolation by water vapor in the atmosphere during 
that season; e. g., during July, 1922, the mean noon 
vapor pressure was 0.471 inch, while the correspondin 
mean for January was 0.201 inch. On the other hand, 
the — earth radiations are absorbed to a greater 

y the increased vapor of summer, and cooling 
is thus retarded. 

No local observational data on intensity of insolation 
are available; but, applying Zenker’s factors for in- 
tensity of radiation on a horizontal surface for midday 
solar altitudes to the average numbers of hours of sun- 
— from 12 to 1 p. m. during July and December, we 

ave— 


For July: 
Average hours of 995 
For December: 


Then 0.74x0.995=0.734 and 0.30x706=0.212 are 
the relative amounts of insolation received during mid- 
dey during the two months; or, the amount received in 
July is 

os 3.5 times that received at that time of day in 
December (if the effect of difference in amount of atmos- 
pheric moisture be neglected). 


1993 


Since the altitude is only about 100 feet, atmospheric 
effects on both incoming and outgoing radiations are 
practically what ws Pipe be at sea level. 

The average monthly percentages of possible sunshine 
are shown on Figure 1. The average cloudiness varies 
from 1.8 in July to 5.4 in January, using the scale 0 to 10, 
in which 0 indicates no clouds and 10 sky totally covered. 
There are practically no days classed as “cloudy” during 
June, July, and pn mya an average of only 2 in Septem- 
ber; and 4 or 5 each in April, May, and October; while 
December to March have 10 to 14 apiece, and only 
10 to 14 clear days each. 

Not only do the Santa Cruz Mountains prevent the 
ocean winds from —- the valley directly, but they 
also considerably modify the air that does pass over them. 
Consider a body of nearly saturated air moving up the 
slope from the ocean. ith ascent, pressure decreases 
and the air cools by expansion. Soon the dewpoint is 
reached; water begins to condense to the liquid form and 
some of it falls in the form of rain. After passing the 
summit ascent soon ceases, cooling and condensation 
stops. A little later the descent to the valley begins, the 
air is warmed by compression, and the cloud it carries 
may soon be entirely evaporated. Often these dissolvin 
clouds can be seen from San Jose, hanging ragged-edge 
over the summits of the western hills. The wind reaches 
the valley floor with a higher temperature than it had 
at the same elevation on the other side of the mountains, 
for the descending clear air warms more rapidly than the 
cloudy ascending current cooled; because the cooling 
was retarded by the “latent heat” liberated by the con- 
densing water. If the air continues its progress east- 
ward cooling takes place as the Mount Hamilton Range 
is ascended; clouds and rain may form there, though the 
tendency is less than in the moister current ascending 
the Santa Cruz. The occurrence of fog is discusse 
below. 

TEMPERATURE AND HUMIDITY. 


The temperature and humidity instruments referred 
to above are well exposed at a height of 12 feet above 

ound over sod in a double-roofed louvered shelter that 
is situated in City Hall Park, across the street from the 
office building. 

As might be expected, winters are mild and summers 
are moderately warm. The average annual maximum 
and minimum temperatures? are, respectively, 69.3° 
and 45.1°, giving an average daily range of 24.2° and an 
annual average temperature of 57.2°. The average for 
July, usually the warmest month, is 66.4°, which is 
derived from an average maximum of 80.1° and an 
average minimum of 52.7°. Commonly the summer 
heat is tempered by the breezes from San Francisco Bay; 
but in 6 out of the 17 years of record readings of 100° or 
higher have been recorded. All months from May to 
September, inclusive, are credited with at least one such 
occurrence each. The highest recorded is 103°. The 
lowest annual maximum is 91°; and the average number 
of days with maximum of 90° or above is only 11, 3 of 
which may be expected in June, 3 in July, 2 in August, 
3 in September, and occasionally 1 in Maly or October. 
The highest daily minimum is 63°, so nights are always 
cool, even following a hot day. Also, during the very 
hottest weather discomfort is lessened by the fact that 
both the dewpoint and the relative humidity are then 
lower than usual, evidently due to drift of air from the 


2 Temperatures are recorded in Fahrenheit ees. All mean daily, monthly, and 
annual temperatures are determined from the maxima and minima. 
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interior of the State probably over the Mount Hamilton 
Range; also the hot spells seldom exceed 3 days in length. 

The march of the average maximum and minimum 
temperatures from month to month throughout the year 
is shown graphically on the line diagram, Figure 1. 

December and January are the coldest months, having 
averages about 48°, average maxima of 57 or 574°, an 
average minima of 38.4°. It will be noted that the mean 
minimum for these months is only about 14° lower than 
the same datum for July; while the average daily range is 
about 19°—8° less than for the latter month. The lowest 
reading recorded is 22°; thus the extreme range is 81°. 
Temperatures below the freezing point of water, 32°, 
have occurred in every month from October to March, 
inclusive; but the total number of such days per year 
averages only 16, of which 5 occur in December, 6 in 
January, 2 in February, 2 in November, 1 about every 
2 years in March, and on rare occasions 1 in October. 
In April and May, however, temperatures sometimes 
drop very near the freezing point, and damaging frosts 
may then occur, 33° having been reached in the former 
month and 35° in the latter. 
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Fic. 1.—Monthly averages of temperature and sunshine, San Jose, Calif. 


The average change of mean temperature from one day 
to the next is 2.6°, and is only sli Antly greater in winter 
than in summer. Changes of such severity as to be 
denominated ‘cold waves,” even in California, are very 
rare. The fact that spring is colder than fall is undoubt- 
edly largely due to the temperatures of the ocean and 
the bay being lower during the former season. 


FROST. 


_ The average date of the last killing (very severe) frost 
in spring is February 11 and of the earliest in fall, De- 
cember 5; giving the average length of the growing season, 
297 days. The latest such frost in spring occurred March 
31 and the earliest in autumn on November 12. However, 
there are usually frosts of less severity, sometimes suffi- 
cient to damage tender vegetation considerably, in April 
or May and Pag Dose at Md and in the latter part of nearly 
one-half of the Octobers. Some frost occurs early in 
nearly one-half of the Mays. 

Records taken by cooperating observers, using standard 
thermometers properly exposed, show that certain 
localities on the floor of the valley have greater frost 
probability and lower spring and fall minimum tempera- 
tures than San Jose has. This difference is due to at 
least three causes: First and most important, drainage of 
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cooled night air into low places; second, exposure of the 
country instruments at 5 feet above ground, where 
temperatures are lower on frosty mornings than at the 
12-foot level, where the San Jose instruments are exposed; 
third, because of effect of the city in raising its local tem- 

erature, which effect is slight in a small city like San 

ose and is undoubtedly of little consequence at the 
Weather Bureau shelter in the park. On the other hand, 
certain other outside localities, especially in the foot hills, 
on either side of the valley, have higher minimum tem- 
peratures and are freer from frost than is San Jose, the 
records of which may, therefore, be taken as fairly repre- 
sentative of average conditions in the valley. 


HYGROMETRIC DATA. 


Averages of relative humidity for noon and 5 p. m. are 
available and are given in Table 1; while those for the for- 
mer time are shown graphically on Figure 2. The tem- 
perature, in its nocturnal fall, usually reaches the dew 


point of the propeding evening, so the morning air is 


usually of high relative humidity; but, as the air warms 
up during the forenoon, relative humidity falls as a matter 
of course and is least during the warmest part of the day, 
as arule. The noon average is highest in December, 71 
per cent and least in June, 46 percent. Thus the summer 
relative humidity is neither so high that the warmest 
part of the day is unduly oppressive nor so low that the 
air is then parching. Prices the year 1922 the noon 
dewpoint means varied from 57° in July to 34° in January. 


WINDS. 


The wind vane and the anemometer are exposed on the 
tower of the Federal Building at heights of 112 and 110 
feet, respectively, above ground. 

Particularly during fair weather the surface wind at 
San Jose is an excellent example of land and sea breezes 
combined with mountain and valley breezes. During 
the day the sunshine (for a number of reasons) raises the 
temperature of the land surface more than it does that of 
the water surface. The lower air over the land then 
becomes warmer than, expands more than, and becomes 
lighter than that over the water of San Francisco Bay and 
the ocean. The resulting pressure difference causes a 
wind to blow from the water to the land. Also, the 
heating of the air lying on the valley slopes produces an 
up-slope pressure gradient acting on the surface air, the 
resultant of which at San Jose is from the northwest, 
acting in conjunction with the sea breeze from the bay. 
Further, much of the air flowing from the high-pressure 
area off the coast to the heated interior of the State 
passes through the Golden Gate and over low hills near 
a strait, and some of it is deflected up the Santa Clara 
Valley. 

The combined effect of these three causes is so great that 
northwest winds prevail nearly all the 24 hours of the 
day during June, bm and August, during the afternoons 
and early evenings of winter, and to an intermediate 
extent during the transition months of spring and 
autumn. Northwest is the prevailing direction for the 

ear as a whole and for all months except December, 

anuary, February, and November, while it equals south- 
east during the last-named month. Northwest winds 
average much stronger than other directions; for, as the 
temperature difference between land and water increases, 
the velocity rises, because pressure differences become 
greater, to an average of 10 miles or more per hour during 
afternoons from June to September, inclusive, and to a 
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somewhat lower velocity afternoons during other parts 
of the year. 

While the land heats up faster by day than does the 
water, it also cools more rapidly by radiation at night, 
so that by morning, even much of the time in midsummer, 
the air lying upon it becomes colder and denser than that 
over the water. Consequently, with the setting of the 
sun, the wind slackens and finally, before morning, 
usually is reversed in direction and blows toward the 
water, from south or southeast. This reversal is aided 
by the usual phenomenon of air drainage in valleys at 
night, the drift of cooled dense air down the slopes. 
These fair-weather south-southeasterly winds are neither 
so strong nor so persistent as their opposite, the average 
velocity in early morning being about 3 miles per hour. 
They may continue through the forenoon, until the 
heating of the land in the sunshine brings in the north- 
west wind; but often there are hours of variable winds or 
even of calms. At least two explanations for their 
weakness offer themselves: First, they oppose the general 
drift from the northwest, the continuance of which 
through the morning hours is often shown by its burden 
of low-lying stratus or strato-cumulus cloud, locally 
designated “high fog”; the south-southeast current 
may be only a thin layer, a few hundred feet in thickness, 
underrunning the warmer air from the bay. Second, the 
morning temperature depression is less than the after- 
noon excess, with respect to the water temperature. 

During midsummer the land at times remains all night 
warmer than the water; so south-southeast winds are 
least frequent during that season. In spring, fall, and 
winter the land usually gets the cooler; in fact, at times 
it does not, during the day, become as warm as the water; 
so breezes toward the water are then most frequent. 
Also, during these seasons, particularly winter, there is 
more cyclonic control, by low-pressure areas passing 
eastward north of this district, which still further in- 
creases the percentage of south-southeast winds. 

There is, on account of stronger daytime convection, 
greater diurnal range of velocity in summer than in 
winter; during the cold months the variation is from 
about 4 to 6 miles per hour during early morning to about 
7 to 9 during daytime. During transition months 
diurnal range of velocity is intermediate. 

Although the northwest winds average the strongest, 
the very highest velocities are from the south, southeast, 
or east, all records of 40 miles per hour or above are 
from these three directions; less than one-half of the 
years of record have such high velocities, however, and all 
occurred in December, January, February, April, or 
May. The highest of record is 48 miles per hour. The 
average annual velocity is 5.7 miles per hour. Monthly 
averages do not vary much, but October and November 
have less than 5 miles per hour. 


PRECIPITATION. 


The main sources of moisture in the vicinity of San 
Jose are, of course, the Pacific Ocean and San Francisco 
Bay. The most of the rainfall is cyclonic, mainly with 
south and southeast winds, but to a lesser extent with 
east and westerly. During summer the prevailing drift 
of lower air is from a high-pressure area off the coast 
to the warmer land; and the cyclonic storms have de- 
creased in energy and have taken paths so far northward 
that rain is infrequent in California. During winter, 
and to a less extent in spring and autumn, the storms 
increase in intensity, follow paths farther southward, 
and produce moderate rainfall in the Santa Clara Valley. 
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Many rains occur without accompanying barometric 
change, especially during the warmer months of the year. 
Showers may accompany special developments of the 
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Fie. 2.—Monthly averages of precipitation and relative humidity, San Jose, Calif. 


semipermanent low pressure over the interior of Cali- 
fornia, Arizona, and near-by districts. A very excep- 
tional rain occurred in September, 1918, as an accom- 
paniment to a tropical hurricane far to the southward. 
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Because of the effects of the Santa Cruz Range, de- 
scribed briefly above, precipitation is less on the floor of 
the valley than in the ranges on either side, especially 
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the west. San Jose’s record is typical, as to total amount, 
rate, and distribution, of the valley floor; and as to 
proportionate distribution throughout the year for the 
entire valley. But Los Gatos on the southwest at about 
500-foot elevation and Lick Observatory on Mount 
Hamilton at about the 4,200-foot level on the east, have 
about double San Jose’s annual total. A short record at 
Wrights, among the Santa Cruz, shows annual totals 
from about three to more than seven times the correspond- 
ing amounts at San Jose. 
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and December’s slightly above 3 inches. February and 
March average about 24 inches; November, over | inch; 
So. ap ty October, April, and May,not far from one-half 
inch each. These facts are shown graphically on the line 
diagram, Figure 2, in which the monthly averages are 
given by the heights of the broken line above the base 
at the points where the monthly lines are intersected. 
However, an inspection of the table of individual 
monthly and annual amounts (not published here for 
lack of space) shows that averages give a very inade- 
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Fie. 4.—Frequencies of monthly precipitation of various depths, San Jose, Calf. 


The standard tipping-bucket rain gage at the San 
Jose station is exposed in the park near the shelter, the 
top being 3 feet, above ground; but the electrical con- 
nections were not made until December, 1907, since 
which time the record of hourly amounts is available, 
with only short interruptions. 

Table 1 shows that summers in San Jose are nearly 
Tainless. Moderate rains occur in winter and light rains 
In spring and fall. The average annual total is slightly 
more than 15 inches. January’s average is nearly 4 
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uate idea of the variations from month to month and 
rom year to year. Therefore, the frequency diagrams, 
Figures 3 wat 4, have been prepared. Here the length 
of any vertical bar, measured by the scale at its left, 
gives the number of times the precipitation, of the month 
or period represented, has fallen within the limits given 
above the bar. The limits are arranged consecutively, 
increasing from right to left; by 2-inch intervals in the 
annual and trimonthly diagrams, and by half-inch inter- 
vals for the months. 
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Amounts for each June, July, and August during the 
entire 17 years fall within the lowest monthly class—less 
than one-half inch. In fact, the table of monthly 
amounts shows that usually July and August pass with- 
out even a sprinkle, and that June often does so. The 
lowest class is also the most frequent (the ‘‘mode’’) dur- 
ing September, October, November, April, and May; and 
has occurred once or more in each of the remaining 
months, even in January. September and May often 
have no rain or only a sprinkle; and this is occasionally 
true of October an Apr. September has one very ex- 
ceptional case, referred to above, falling in the class 
above 6 inches. The number of cases in the higher 
classes increases as we pass from summer through the 
fall or spring to winter. March shows a double mode, 
one at about 1 inch and another from 24 to 3 inches. 
December, January, and February have no prominent 
mode, but show wide variations from the Ist to the 
13th or higher classes. 

For three fall months, as a whole, the lowest class 
used, less than 2 inches is the most frequent; the summer 
amount invariably falls within this lowest class. Spring 
favors the 2d class, between 2 and 4 inches, but the 1st 
and 3d are each fairly numerous. Winter rains vary 
widely, the 2d class, 2 to 4 inches, being as frequent as 
the 8th, 14 to 16 inches. Annual amounts vary widely 
also; the year has no prominent mode. 

Dry seasons and months are more frequent than wet 
ones, for excesses are usually greater than deficiencies. 
As an extreme example, the November average is over 
1 a but the mode is the first class, less than one-half 
inch. 

It is fortunate that much of the Santa Clara Valley is 
underlaid at slight depths by gravel beds, which form 
excellent storage reservoirs for the precipitation that falls 
during the wet seasons over the district. Numerous 
wells tap the underground supply of water, without 
which irrigation would be impracticable, since the valley 
has no perennial streams with very material flow. 

The rain nearly always falls at a moderate rate, and 
when heavy is likely to be steady. There has been, ac- 
cording to the standards of the Weather Bureau, no oc- 
currence of “excessive precipitation”’ for short periods, 
such as 5 minutes up to 1 hour; the only excessive falls 
have been for periods nearly or quite 24 hours in length. 
More than one-half of the years considered have had no 
24-hour amount as great as 2 inches; but on two occasions 
the amount was more than 4 inches, the greatest on 
record being 4.56. The greatest amounts recorded 
during certain shorter periods within the past 12 years 
are as follows: 2 hours, 1.11 inches; 1 hour, 0.65 inch; 
30 minutes, 0.36; 15 minutes, 0.34; 10 minutes, 0.27; 
5 minutes, 0.17. The average number of days per year 
with 0.01 inch or more is 64, of which December, Jan- 
uary, February, and March have from 9 to 12 each; July 
and August, none. The average annual number with 
0.04 inch or more is 47; with 0.25 or more, 19; and with 
1 inch or more, only 2. 

Snow is practically unknown in the city; there are two 
or three records of traces, but it never lies on the ground. 
It is not uncommon in the near-by hills, however. Typi- 
cal thunderstorms do not occur; on the average of once 
or twice a year light thunder is heard—nearly always in 
winter, September, or August. A little small hail falls 
about once in two years, in winter or spring. 

During June, July, August, and September the infre- 
quent rainy days usually occur singly or in pairs. As 


MONTHLY WEATHER REVIEW. 


Ocroser, 1923 


we pass to winter months, through either spring or fall, 
longer rainy periods are found in the record, until in 
December, January, February, and even March occa- 
sional groups of 10 or more successive days with measur- 
able rainfall occur. 


FOG. 


Light fog is not infrequent. Dense fog (sufficientl 
thick to obscure objects at a distance of 1,000 feet 
occurs for a time on nearly 30 days per year, least fre- 
quently from March to July, inclusive; it is particularly 
uncommon in May. Some of this fog may form over 
the land during night, as a result of condensation of 
water vapor when the air is cooled below its dewpoint. 
More often the fog forms over the bay or the ocean, and 
is carried by the wind to the valley. 

As already noted, the fog-bearing current from the 
water, being comparatively warm and moist and, there- 
fore, light, may be underrun by the thin layer of colder, 
denser air blowing toward the bay, prone in the 
early morning hours. In this case the amount of con- 
densation may be increased, for the following reasons 
at least: First, mixture of the two currents at their 
boundary (the lower having become, by cooling, nearly 
saturated by morning); second, cooling of the upper 
layer because of expansion during ascent as alread 
explained; third, cooling by radiation to the ground, 
the lower air, and space; fonieti; expansional cooling 
at crests of waves formed between the two currents. 
In fact there are undoubtedly occasions when “high 
fog,’”’ as this phenomenon is designated locally, forms 
over the land as a result of these causes alone. 

This elevated fog thus forms a layer of low-lying 
stratus or Strato-cumulus cloud over the valley; but a 
true fog where it meets the foothills on either side, since 
a fog is simply a cloud that reaches the ground. The 
foothills may be plainly visible from San Jose; while 
above the cloudy layer the sun shines from a cloudless 
sky upon the higher hills and the foggy sea that fills the 
valley from wall to wall. Much of the summer cloudi- 
ness is of this nature and occurs in the morning. The 
clouds usually evaporate and the sun breaks through 
by 10 a. m., often with surprising suddenness. 


CONCLUSION. 


In conclusion it may be said that the principal seasonal 
contrast is in precipitation and cloudiness rather than 
in temperature, between a “wet” season and a “dry” 
season. Midsummer is rainless or nearly so; moder- 
ately warm during the day (occasionally hot) but cool 
at night; sunny; with considerable diurnal range in 
wind velocity, which is greatest and from the north- 
west afternoons and least and from the opposite direc- 
tion early in the morning; no gales occur. The winters 
are relatively mild and cloudy, with light rainfall and 
without snow; winds are usually comparatively light, 
but gales occur occasionally. Spring and autumn are 
transition months in all important respects; September 
and October particularly are usually mild and pleasant; 
frosts sometimes occur as late in spring as the middle 
of May. The seasonal and daily variations of relative 
humidity are moderate. Fogs are not infrequent. 
Severe thunderstorms do not occur. Invigorating tem- 
perature change is provided by a considerable diurnal 
range, particularly in summer, rather than by strong 
seasonal contrasts. 
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TaBLE I.— Meteorological extremes and averages, San Jose, Calif. 
Data and length of record (years). | January. — March. | April. | May. | June. | July. | August. — Cubans. Novem 
‘em ture (17): 

. Highest ice icinsnunnaadananens 76 76 88 90 102 101 103 102 103 97 85 72 03 
pe ea 22 25 30 33 35 38 43 42 40 31 27 23 22 
Average maximum.................... 57.0 60.3 63.8 68. 2 71.0 76.4 80.1 79.7 78.5 73.4 65. 57. 69.3 
Average minimum.................... 38.4 40.9 42.1 43.7 45.9 49.4 52.7 52.2 50.2 46.2 40. 38. 45.1 
Average monthly and annual......... 47.7 50.6 53.0 56.0 58.4 62.9 66.4 66.0 64.4 59.8 53. 48. 57.2 
Average number of days with— 

Maximum 32° or below............ 0 0 0 0 0 0 0 0 0 0 0 0 0 
Maximum 90° or above..........-.. 0 0 0 0 * 3 3 2 3 * 0 0 li 
Minimum 32° or below............ 6 2 2 0 0 0 0 0 0 ? 2 5 16 

Precipitation (inches): 

TET) 3. 83 2.58 2.51 0. 56 0.41 0. 09 0.01 0.01 0. 55 0. 49 1.14 3. 06 15, 24 
Greatest monthly and yearly.......... 12.38 7.02 7.75 1.95 2.69 0. 46 0. 09 0. 08 6.33 1,71 4.10 6. 39 22.75 
Least monthly and yearly ............. 0.10 0. 09 0.31 0 0 0 0 0 0 0 0.13 0. 43 6. 52 
Greatest in 24 hours................... 4.56 2. 65 2. 6Q 0. 78 1,24 0. 36 0. 08 0. 08 4.47 0. 90 1.73 2.77 4. 56 
Greatest amount in— 

nn dd 0.65 0.45 0. 50 0.31 0. 21 0. 08 0. 06 0. 08 0. 57 0. 24 0.39 0. 36 0. 65 

0.17 0.12 0.18 0.08 0.06 0. 02 0. 02 0.02 0.13 0. 08 0.17 0.14 0.18 
Number of days with 0.01 inch or more. 12 10 9 + 3 1 * * 2 4 6 ll 64 

Sunshine and cloudiness: . 

Sunshine, per cent of possible......... 56 57 64 74 75 85 86 83 81 75 69 56 72 
Average cloudiness (17)........-.....- 5.4 5.3 4.7 3.4 3.2 2.1 1.8 2.1 2.4 3.1 3.7 5.3 3.5 
Number of days— 
ll 10 14 18 20 24 28 27 22 19 16 ll 220 
6 7 7 rj 5 3 4 6 8 7 7 74 
14 11 10 5 + 1 0 0 2 4 7 13 71 

Relative humidity: 

at noon: (8) 64 65 62 50 50 46 50 49 50 53 58 71 56 
Average p. m.-(16). . 68 63 61 55 54 51 52 53 53 54 61 70 58 

Wind (velocity in miles per hour): 5 
Average velocity (16).................- 6.1 6.1 5.9 6.3 6.3 6.2 6.1 5.7 5.1 4.8 4.9 5.6 5.8 
Maximum velocity (for 5 minutes)..... 46 48 36 44 42 34 29 36 27 34 5 43 48 
Prevailing direction................... SE. SE. NW. NW. NW. NW. NW NW Nw. NW. _—oe SE, NW. 
*Less than 1. 


Cloudiness, recorded to tenths. Temperature in degrees Fahrenheit. 


GROUP DISTRIBUTION AND PERIODICITY OF ANNUAL RAINFALL AMOUNTS. 


By Rosert E. Horton, Consulting Hydraulic Engineer. 


[Voorheesville, N. Y., August, 1922.] 


INTRODUCTION. 


The longest existing continuous rainfall record is that 
at Padua, Italy. Inasmuch as this record is of great 
value, on account of its length, for studies relating to 
variations in mean rainfall, it is given herewith in con- 
venient form and in English units, in Table No. 1. 

Examining a long rainfall record, such as that of 
Padua, it will be noticed that a large proportion of the 
total number of years occur in groups of high or low 
years, such that all the years in a group are either above 
the mean or else below the mean. This tendency to group- 
ing of like years occurs even where there is no visible in- 
dication of an orderly or cyclic arrangement or periodic 
recurrence of groups. Now if the occurrence of succes- 
sive like years was a matter of pure chance, then there 
would be in any record a certain probable number of 
groups of 2, 3, 4, 5, etc., successive like years. Inas- 
much as the occurrence of groups of like years, especially 
low years, is of great importance in the application of rainfall 
data, it becomes of interest to inquire how the actual 
grouping of like years compares with that which would 
result from a chance diistsibution of wet and dry years. 

The reasoning here applied to rainfall records may also 
be applied to other hydrologic data, such as the distribu- 
tion of groups of cold and warm years, the occurrance of 
groups of low or high run-off in streams, the occurrence 
of groups of years of large or deficient yield of crops, etc. 
In order to make the > general, using rainfall 
records for purposes of illustration, values of the data 
under discussion will be described as “‘events’’; a series 


of events which occur in the same way, as, for example, 
rainfall years all above the mean, or the results of the tos- 
sings of a coin where all cases are heads, will be de- 
scribed as “like events’; events which occur in opposite 
ways, as the alternate tossings of heads and tails with a 
coin, or the occurrence of wet and dry years in succession, 
will be described as “unlike events”; events which 
correspond to the occurrence of heads in the tossing of 
coins, or to years of rainfall, stream yield, crop yield, 
temperature, etc., greater than the mean, will be called 
“plus events,” and the opposite will be called ‘minus 
events.” Any series of n consecutive events, whether 
like or not, may be called a group. A series of n events 
which are all like, and whisk venta are both preceded 
and succeeded by at least one unlike event, will be 
described as an “‘n group” of events. A series of events 
arranged in the ondiv of their occurrence will be des- 
cribed as a “record.” The difference in value of an event 
from the mean value will be called its “departure.” 
In the discussion of the accuracy of record means, it is 
sometimes convenient to use the fiction ‘true mean,” 
meaning thereby the result which would be obtained from 
a reoetl of indefinitely great length containing no ob- 
servational errors, as distinguished from the mean of any 
series of m events. The illustrations here given are 
mainly derived from rainfall, for which the letter p is 
commonly used to designate the mean. In order to 
make this discussion more general, and to reserve the 
letter p to designate probability, the letter M will be 
used to designate the mean, whether of rainfall or some 
other series of events. 
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N,= probable number of events concentrated in groups 
of n-like events each in a record of m events. 

If a rainfall record covering m years contains d years 
with precipitation less than the mean, and w years with 
precipitation greater than the mean, then the probability 


of occurrence of dry years is and the probability of 


occurrence of wet years is epee 


If it is assumed that wet and dry years are equally 
probable, then the probability p,=1/2 for either a wet 
ora dry year. In accordance with a well-known theorem 
of probabilities, the probability of the occurrence of 
n-like events in succession, where n trials are made, is 

, or in the case assumed (4)". In this theorem it is 
assumed that the events are independent; in other words, 
if an urn contains equal numbers of black and white balls, 
the probability that if six balls are drawn, they will all 


be black, is (5) . 


This has no regard to the question whether the next 
subsequent ball drawn would be black or white. The 
question of the occurrence of groups of n wet or n dry 
years in a rainfall record is of somewhat a different 
nature, and is not subject merely to the conditions that 
there shall be some number n of like years in succession, 
but also to the condition that after these events have 
occurred the next event shall be of the opposite kind." 

Treating the black balls in the example of the urn as 
wet years, and the white balls as dry years, the probability 
that the first two years of a series will be wet years is 1/4, 
and the probability that the next subsequent year will 
be dry is 1/2; therefore the probability that the two wet 
years will occur, followed by a dry year, is 1/8. Simi- 
larly, the probability of occurrence of three successive 


like events is (5) but the probability that these three 


will occur and that they will be followed by an unlike 
event is (4)4. One group of three like events—plus, for 
example—having occurred, then, in order that these may 
be succeeded by another group, the next succeeding 
group must be made up of minus events. The chance 
that the first event of the succeeding group will be minus 
is 4; the chance that three minus events will occur in 
succession is (4)%; and the chance that these will occur and 
will be followed by a plus event, which is necessary to 
constitute a like group of three events, is (4)*. In other 
words, when a group of three like events has occurred, 
the probability of its being succeeded by another group 
of three like events of the opposite kind is— 


= 


The same reasoning may be applied to any number of 
years, with the result that the relative probabilities of 
occurrence of wet or dry years in groups of n years each, 
is ($)"*1 if wet and dry years are equally brobalie: or if 


‘Woodward: Probability and theory of errors. 
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wet and dry years are not equally probable, then we 


have— 
d n+1 


Writing the formula? in the form to give the probabilit 
of either a plus or a minus group of n years, where bot 


(1) 


are equally probable 
P, (4) (2) 
or 
log =(n+1) log $= — 0.698970 (n+ 1) 
= —0.70 (n+1) approx. (3) 


P, is less than 1.0 and its logarithm is negative. 
If N,=probable number of occurrences of a group of 
n like events in a record of m events, then— 


N,g=mP,=m (4) 


Also the length m of record in which there will be on 
an average one group of n-like events is obtained from the 


relation— 

or 

log =0.698970 (n+1) 
or 


log m,=0.70 (n+1) approx. (5) 


The probable number of events which will be concen- 
trated in groups of n-like events each is— 


Na=mN,=mn (6) 


For example, the length of record in which a like group with 
n=15 will occur once on an average is 15,259,000,000. 

Using the logarithmic expression, equation (3), it is 
evident that the graph of this formula will plot as a 
straight line on semi-logarithmic paper. Such a plotting 
is shown in Figure 1, from which the relative probability 
of occurrence of n-like groups up to n=19 can be read 
accurately in spite of small values of P. 

The author has been accustomed to use the term 
“exceedance frequency” or “exceedance probability”’ 
in the peculiar sense of the frequency or probability of 
a given value of an event being ether eq d or exceeded. 
The term will be used in the same sense here. Referring 
to column (2) of Table No. 2, it will be noted that the 
sum of the probability series for a given value of n, and 
for all greater values, is equal to the probability for (n—1). 
In other words, the exceedance frequency for any value 
of n may be expressed by the formula— 


(7) 


For example, the probability of occurrence of a group 
of either nine or any greater number of like years in a 
given record is the same as the probability of occurrence 


of a group of just eight like years, namely, 55" 


2 After this ees was submitted for publication, the author’s attention was called to 
the fact that Mr, H. W.Clough (Mo. WEATHER REv., March, 1921, pp. 125 (5) and 128 (5)), 
had given the formula for the number of n-like groups in a record of m events, whic 
can be transformed into an aye identical with formula (2) given in this paper. 
The author has not been able to find this formula in any other published work on the 
theory of statistics and it was worked out independently in the preparation of this paper. 
Mr. Clough does not state the source from which he obtained his formula nor give its 
derivation. He is, however, authority for the statement that the same method was 
used by Buys Ballot in a study of temperature ( Met. Zeit., 1881, p. 404). The object of 
the present — is to present the matter of practical — ion of this important 
formula, wi ial reference to rainfall, in a manner readily intelligible to those not 
versed in the advanced theories of statistics. 
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TABLE 2.—Probability of groups of n-like events either plus or minus— 
Probable number of n growps in 1,000 events for various values of n 
number of events included in each class of n groups—Actual numbers 
of events in 1,000 coin tossings. 


[P,=(4)=+' plus and minus events equally probable.] 


in 1,000 coin tossings. 
Relative Probable | Number 
roba- — 
ofn 1, 
n Pal groups fallings Series I. Series IT. Mean. 
ou in 1, inn 
events. | groups. 
Events. 
(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) 
1 |0. 250 250 250 263 263 238 238 250 250 
2) .125 125 250 120 240 117 234 118 237 
3 | .0625 62.5 187.5 55 165 60 180 58 172 
4} .03125 31. 25 125 27 108 34 136 30 122 
5 | .01562 15. 62 78.1 18 90 15 75 16 83 
6 | .007812 7.81 46. 86 8 48 10 9 54 
7 | .003906 3. 91 27.37 5 35 5 35 5 35 
8 | .001953 1.95 15. 60 4 32 3 24 3 28 
9 | .000977 977 8. 793 1 9 2 18 1 14 
10 | .000488 488 4. 88 1 1 5 
In the accompanying Table 2, assuming wet and dry 


years equally probable, column (2) shows the relative 
probability of occurrence of groups of years all alike, 
either wet or dry, each group containing the number of 
years indicated by n in column (1). Column (3) shows 
the probable number of groups of n years each which 
would occur in a record of 1,000 years. The resulti 
numbers of years which would probably be included in 
groups of n-like years each in a record of 1,000 years is 
shown in column (4). As a test, two series of 1,000 coin 
tossings were made under conditions insuring chance 
occurrence of heads (plus) and tails (minus). The 
results for each series and the mean of the two are shown 
in Table 2. 

In general the numbers of groups and numbers of 
events falling in each n group agree well with the results 
given by the formulas. A peculiarity of formula (1) is 
that the actual number of years comprised in groups of 
two like years as indicated by the formula should be the 
same as the number of years occurring singly. This of 
course results from the fact that the probability of two 
like years in succession is one-half that of an isolated high 
or low year, whereas the number of years in a group of 
two is double that in “groups” of one year. 


TABLE 3.—Actual numbers of groups of wet and dry years in various 
preciputation records. 


New Bed- San Diego! 
du Havana Cincinnati Albany. 
isco 1850 to 1014 1826 to isis 
6 years); years); ‘ ears); years); . 
mean, 38.91. | mean, 48.69. years); inean, 39.23. | mean, 37.68.| _ Years); 


mean, 46.47. mean, 9.72. 

M= |+/-/2 
6; 6/12/10| 9/19] 9| 7/11) 11] 11) 22 
2) 1] 3] 0] 3] 3] 3] 4] 1] 1] 1] 2] 5] 1] 6 
2, 2) 0; 1] 1] OF 2] 1] 2] 1) 3] Of 2) 1 

| 
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TABLE 4.—Relative numbers of groups of n-like years either 


minus in various precipitation and other records, reduced to basis of 
100 years record. 


Rela- | San 
tive New | Diego 
sun n- tem- 
able | spot | Padua | Havana} Bed- | | Albany 
pre- pre- ford pre- 
| num- os. ani cipi re. pre- cipi- sonal ture 
ber of | 1750 tation tation i- | ,cipl- pre- 1852- 
groups.| 1912 | tation. | tation. ‘| cipi- | 1901 
(162 » tation. (50 
years). years) 
(1) | (2) (3) (4) (5) (6) (7) (8) (9) (10) 
1! 25 1.23] 20.44] 21.42| 19 27.70| 11.88| 32.30) 2 
2) 12.5 0 9. 09 3. 57 9 10. 78 7. 56 1.47 2 
3, 6.25 1.85 6.25 7.14 1 4.62 3. 24 7.35 6 
4, 2&2 3.08 1.70 5. 36 4 1.54 2.16 8. 82 6 
5 1.56 4. 94 1.14 1.78 1 1.54 3. 24 
Bins 50 20 43. 16 41.05 | 39 47.72 32. 49 51.41 40. 00 
Na. 2.00 5.00 2.32 2. 44 2. 56 2.10 3. 08 1.94 2. 50 
Cy. 1.00 2. 50 1,16 1, 22 1.28 1.54 0.97 1,25 


1 Seasonal, July-June, inclusive. 


As a test of the applicability of the theoretical formula 
here deduced to rainfall records, the actual number of 
occurrences of n-like groups, both plus and minus, in 
several rainfall records, have been tabulated as shown 
in Table 3. The results are more readily comparable in 
the form in which they are presented, together with 
certain other data, in Table 4, in which the actual 
numbers of occurrences of n-like groups have been 
reduced to the basis of equivalent numbers in a record 
of 100 events. To the data given in Table 3 there have 
been added, in Table 4, the theoretical numbers of n-like 
groups (column (2)) the actual numbers of n-like grou 
in Wolf-Wolfers relative sun-spot numbers (column (3)) 
and the occurrence of groups of cold and warm years in 
succession in the temperature record at San Diego, Calif. 
(column 10). Comparing columns (2) and (4), Table 4, 
it will be noted that there is a slight deficiency of groups for 
n=landn=2. There is a considerable excess of groups 
for n=6 in the Padua rainfall record and some deficiency 
in the occurrence of groups for most other values of n. 
The formula would indicate the probable occurrence of 
0.78 of a group of six like years on an average per 100 
years of record, where actually 3.4 or nearly five times as 
— a number of groups of six like years occurred. 

is seems to indicate a somewhat pronounced tendenc 
to repetition of six-year periods in the Padua rainfall, 
and six being the nearest integer to the length of one- 
half of the 11.3-year sun-spot cycle, a connection between 
the two might be inferred. There is, however, no great 
regularity in the time of occurrence of the six-year 
groups in Padua, as will be readily noted from Figure I. 
A comparison of the actual with the probable distribu- 
tion of groups of like years, regardless of their times of 
occurrence, by the methods hereby given, may, however, 
lead to indications of a periodicity subject to discontinu 
ties, as suggested by Turner.® 

In these studies like years at the beginning and end of 
a record have been counted as complete Tike groups, 
although it is not known whether the terminal groups 
in such cases were really complete or not; furthermore, 
fractional groups can not occur, although for large 
values of n only a fractional group is indicated in general 
on the average for 100 years of record. As a result, one 


*Turner: Discontinuities in meteorological events. Quar. Jour. Roy. Met, $0 
41: 315-352, 1915, 
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finds oftentimes a single group with a relatively large 
value of n and the total hn oi of several groups with 
still larger values of n, the result being that, as for 
example in the case of the Padua precipitation, the total 
occurrence of groups with n greater than 7 is not far 
different from that indicated by chance. In the case of 


60 


\ 


bility = P, of occurrence of a group of n like events. 


00008 


al 


D. 
200001 1 3 5 7 9 1 13 15 17 19 


(n+ 2 4 6 8 10 12 14 16 18 20 
Number of events in group. 
Fig. 1.—Probability of the occurrence of a group of n-like events. 


New Bedford and Albany precipitation, there seems to 
be a tendency for a recurrence of groups of about 9 
years’ average duration, with a frequency 15 to 20 times 
as great as that indicated by the laws of chance. Refer- 
ring to Table 3, it will be noted that the Albany record 
contains one group of 17 like years preceding the year 
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1919. The record for 1919 shows that this was also 
deficient relative to the 93-year mean, which would 
make this group comprise 18 years, and it may not yet 
be completed. However, analyzing the data for 46 
ears, since the establishment of the United States 

eather Bureau station at Albany, this group becomes 
subdivided into four like groups, the longest of which 
comprises 12 low rainfall years. 

In the case of the possible six-year periodicity indi- 
cated for Padua, two or three of the six-year groups 
would have become five-year groups by a very sli ht 
change in the long term mean, less than the probable 
error of the observations. 


A CRITERION OF PERIODICITY. 


Arthur Shuster (ref. 8) pointed out in 1902 that evi- 
dence of periodicity can be obtained by the use of 
Fourier’s series in any record of annual rainfall or similar 
data, and furthermore, since a certain number of equal 
like groups would occur as a result of chance, the true 
indication of periodicity is not the total number of 
occurrences of like groups of n values each in a given 
record, but only the excess in the number of such occur- 
rences over the probable chance occurrences. As _ will 
be seen from the above illustrations, formula (2) supplies 
a method of determining this excess in the case of rainfall 
and similar records. 

It also affords a more direct and precise criterion of 
periodicity, to which attention will now be called. 

Referring to column (2) of Table 2, it is evident that 
the sum of the probability series is 4; in other words, 
the probable total number of like groups of events in a 
record of m events is $m, consequently the average 
length of all the periods of n-like events occurring in 
we a record, in accordance with the laws of chance, 
would be 2.0. If the events do not occur in accordance 
with the laws of chance, but are controlled by causes 
which render the occurrence of events more or less 
regularly a then it is evident that the average 
number of events in a like group would approach one- 
half of the length of the complete cycle or — as a 
limit in the case of perfect periodicity. ‘These facts 
furnish a simple criterion of the tendency to periodicity 
in any record, which may be calculated as follows: 

Calling consecutive events all above or all below the 
mean like events, count the number of groups of like 
events in the record, including as a group each single or 
isolated plus or minus event. Let this number of groups 
be G, where m is the total number of events. Then the 


average number of events in a like group is a 


The average number for chance distribution is 2; hence 


the 


Periodicity criterion, 57, (8) 


This criterion is one-half of the number of like events in 
an average group. 

It will be seen that the periodicity criterion is simply 
the ratio of the average number of like events per group 
in a given record to two, the number of events per group 
for chance distribution. Its numerical value is 1.00 in 
the case of pure chance occurrence of the events; whereas 
for purely cyclic events free from all chance variation 
its value is equal to precisely one-fourth the length of 
the cycle. 
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Of course there will be some departure from the 
theoretical group distribution in any finite series of pure 


chance events. In general the longer the series of 


fortuitous events the more closely will the grouping agree 
with the calculated distribution. If the occurrence of 
wet years in a rainfall record, for example, is a matter 
of pure chance, then the periodicity criterion determined 
from the record may be expected to approach the mini- 
mum value 1.00 more and more closely as the duration 
of the record increases. 

This criterion has an advantage over the use of Fou- 
rier’s series in that it applies sy. well to discontinu- 
ous periodicity in the sense of the term suggested by 
Turner (loc. cit.) as to periodicities repeated at regular 
intervals with reference to a fixed wes It is sensitive 


for the reason that if in any record there is a preponder- 


ance of groups of n-like events, the excess of events com- 
prised in these groups must be drawn from other groups, 
and there will be a corresponding deficiency in the other 
groups, especially in the more numerous smaller groups, 
so that the average values of n and C, increase rapidly as 
the tendency to periodicity increases. 

Referring to the average values of n for the different 
records as given at the foot of Table 4, it will be noted 
that in the case of sunspot numbers, the value of 0 
periodicity criterion, is 2.5. This is not far from one-half 
of the average or 11.3-year sunspot period. In other 
words, the criterion in this case approaches closely the 
limiting value, although the periodicity of sunspot num- 
bers is by no means perfect. In the case of rainfall rec- 
ords, the periodicity criterion is very nearly 1.0 in two 
instances; ranges from 1.16 to 1.28 in four instances; and 
exceeds 1.5 only in one instance, namely, Albany. In 
this case the large value is mainly due to the inclusion 
of the 17-year group of low years above cited. It will be 
noted that lack of homogeneity, in the record will tend to 
increase the criterion above its value 1.0 for pure chance 
occurrences, so that in so far as the criterion here used 
indicates, there is little valid evidence of definite perio- 
dicity in the rainfall records cited in Table 4, comparable 
with the periodicity of sunspot numbers. 

Another disturbing factor in most of the rainfall rec- 
ords used in Table 4 arises from the fact that the totals 
are for calendar years. If, as is usually the case, the 
rainfall shows a marked seasonal variation, then seasonal 
rather than annual totals will usually give more consist- 
ent results. As an illustration, the San Diego records 
of precipitation have been analyzed on the basis of sea- 
sonal totals, and when so analyzed show a periodicity 
criterion very close to the minimum value corresponding 
to a purely chance occurrence of the distribution of wet 
and dry years. 

The periodicity criterion can be applied to various 
other hydrologic data as well as to rainfall. Examples 
of the grouping of wet and dry years and the values of 
the periodicity criterion for run-off records are shown in 
Table 5. 

The criterion of periodicity gives of course only the 
weighted average of the various periodicities if more than 
one exists in a given record. If one peridicity predomi- 
nates it is indicated by the criterion. e criterion, how- 
ever, fails in the case of the perfect periodicity of two 
years’ cycle, since for that case the value of the criterion 
is the same for perfect periodicity as it would be fora 
purely chance occurrence of the events. 
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TaBLE 5.—Periodicity criterion—Annual run-off. 
{Water year, November, 1884-November, 1911.] 


Merrimac | Murray 


L. esham- | Tohickon ‘Perkiomen| River, | River, 
iny Creek,| Creek, Creek, | Lawrence,| Mildura, 
| 1964-1915.) | Pa? Pa.? Pa? Mass,,* Australia!) Froups 
n. 1880-1915, | 1865-1918. | 100. 
al 
(1) (2) |; @) (4) (5) (6) | (7) (8) 
| 
2 4 2 2 4 1 } 5 12. 50 
3 3 2 1 | 2 6, 25 
4 Yl 2 2 2 a 1 3.12 
=e 18 13 13 13 15 22 100.00 
Ns 2.9 2.08 2.08 2.08 2.4 2.45 2.00 
Q 1.45 1.04 1.04 1.04 1.20 1,22 1.0 


1 Hall P. A. S.C. E. 
2 W. S. Papers, U.S. G. 8. 
W. S. Paper 415, 


CORRECTED CRITERION FOR SHORT RECORDS. 


The preceding discussion is based on the assumption 
that formula (3) gives correctly the probability of the 
occurrence of a group of n-like years in a series of purely 
fortuitous events. This is true only in case the record of 
events is of indefinitely great length, or, in other words, if 
m is very large. As already pointed out, in the case of a 
relatively short record it is not known whether the initial 
and terminal groups are complete or not. In the case of 
such a short Abe what may be termed an “end correc- 
tion’’ is required to be applied to formula (2) in order to 
determine the true probability of the fortuitous occur- 
rence of a group of n-like events. After the manuscript 
of this paper was submitted for publication the author's 
attention was directed to a paper by Mr. H. W. Clough,‘ 
in which there is given a formula from which this end 
correction can be determined. To distinguish them from 
the approximate values for short records derived from 
the formulas already given, the true probability of a group 
of n-like fortuitous events and the corrected periodicity 
criterion will be designated P’, and C’, respectively. Us- 
ing this notation the formula given by Mr. Clough may be 


written 
+1 


Values of the correction factor m—n—1 for any chosen 


m 
values of m and n can be read directly from the diagram, 
Figure 2. Since the correction factor is less than unity, 
it follows that the probable number of groups of like 
events in a record of m events, as given by formula (9), 
is less than as given by formula (2). Hence the true 
average number of events per group in a short record 
is somewhat greater than the minimum average number 
for a long record, as given by formula (2). ein, the 
true value of the periodicity criterion may be written 


(10) 


4 Cf, footnote 2. 
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where G as before is the actual average number of groups 
of like events in a given record, and k is the true average 
number of events per group in a record of purely fortuitous 
events of the same duration, m. The value of k replaces 
the value 2.00 in formula (8) and its value in general is 
somewhat greater than 2.00. The value of k can be 
determined without great labor for any duration of record, 
m, by applying the correction factors from Figure 2 to 
the ichlated number of groups for different values of n 
for fortuitous events. Calculation of k for a record of 100 
events is given on Table 6. The calculation has been 
carried through only for groups of 15 events or less. It 
is not necessary to go farther for the reason that although 


100 
WW NS (4) 
\ SER 
\\ NIN So is 
\ 
\ 
\ Um. 
\ \ \ 
\ \ NCEA 


Number of Events in Group=n 


Fig. 2.—Values of the term (m-n-1)/n in the true formula for probability of occurrence 
of a group of n-like events. 


a considerable correction is required in the case of larger 
groups, the number of such larger groups in a given record 
\s generally insignificant. For a record of 100 events, 


k=2.065. Referring to Table 4, the periodicity criterion - 


Cy for 100 years’ rainfall record at New Bedford was 
found to be 1.28, assuming k= 2.00. The average number 
of events per group in this rainfall record is 2.56 and the 
corrected criterion is : 


2.56 
065 1-24 instead of 1.28. 


The difference is commonly of little significance. 
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TaBLe 6.—Calculation of corrected average number of events per group 
in a record of 100 fortuitous events. 


n=number N,= Corrected 

of likeevents m(4)n+! value of | 

per group. for m= 100. Ng. 

| 

(1) (2) (3) (4) 

<< 12.5 .97 12.125 | 

6.25 96 6.000 

0.39 92 0.359 

0. 05 . 89 0. 044 

ke 0. 025 . 88 0. 022 | 
0. 012 87 0.010 
0. 006 86 0. 005 
0. 003 0. 003 
BB. 0. 0015 84 0. 001 

Total... 49. 9975 48.415 | 

events per = 100/48.42. 
2.065. 
| 


Of course, short records are of little value as a basis of 
determining periodic cycles. The author believes that 
it is better in general to adhere to the simple, though 


approximate, formula Op= 57 (8) in most cases for the 


reasons : 

(1) The calculation is much simpler. 

(2) This formula gives for any record of finite dura- 
tion a value larger than the true value of C,’; in other 
words it indicates a rather greater probability of perio- 
dicity than actually exists in the given record. If, then, 
the approximate formula (8) does not show definite evi- 
dence of periodicity in any given record of events, it 
affords rather positive evidence that no actual periodicity 
exists, and it is useless to search further or to analyze the 
data by the laborious application of the Fourier series 
or other advanced statistical methods. The object of 
the method is to quickly eliminate cases where there is 
no real, positive evidence of periodicity. In this sense 
formula (8) is perhaps more properly a criterion of non- 
periodicity than a periodicity criterion. What it really 
shows is the tendency, if any exists, toward a greater 
degree of grouping of like events than would probably 
occur fortuitously. It is true that in any individual 
record, especially one of short duration, considerable 
departures from the ideal fortuitous distribution of events 
can and not infrequently will occur as a result of what 
may be called secondary probability, but if there is true 
periodicity there must be a systematic departure of the 
grouping of events from the purely fortuitous arrange- 
ment. ‘The criterion shows whether there is any tendency 
to a systematic concentration of the events in groups to a 
greater extent than would occur fortuitously, whether 
this is the result of chance or true periodicity. If, then, 
the application of the criterion shows there is no such 
group concentration there can apparently be no true 
periodicity in the phenomena. It may be noted, how- 
ever, that the criterion fails in case there is a true perio- 
dicity with uniformly two events per group. In that case 
the value of the criterion is unity, although the periodicity 
may be perfect. 
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EAST WINDS ON THE NORTH PACIFIC COAST! 


By Epwarp Lansine WELLS, Meteorologist. 
[U. 8. Weather Bureau, Portland, Oreg., Sept. 12, 1923.] 


To a resident of the North Pacific coast region, espe- 
cially of the lower Columbia Valley west of the Cascade 
Mountains, the term ‘east wind” carries with it a 
meaning which is distinct. You may talk to him of the 
west wind or the south wind and he will understand that 
oe are just talking about the wind and the direction 
rom which it is blowing, but when you mention the east 
wind he knows you are talking not merely of wind, but 
of a kind of weather. 

This is not because the east wind always brings the 
same kind of weather, for it does not. Sometimes it is 
very cold and sometimes it is very hot. Sometimes it is 
very dry and sometimes it is very wet. It may bring 
snow or sleet, or glaze, which is least welcome of all, or it 
may dry the forests till fires become unmanageable. 
Whatever it does bring, however, is likely to be abnormal 
and extreme. If 1: is cold, it is not only colder than any 
other wind experienced in this section but it is also 
more penetrating. If it is hot, it is unusually hot. If 
the relative humidity is low, it is lower than in any other 
wind. If it is accompanied by rain, it is likely to be a 
rain storm that will be remembered. If it brings snow, 
it is more nearly like a blizzard than anything else that 
is known in this region of normally mild and equable 
climate. 

One reason for the distinction accorded to the east 
wind in the minds of residents of this section is that 
it is an unusual occurrence and the weather that ac- 
companies it is so very unlike that which is normally 
experienced. 

he phenomenon treated here under the title “east 
wind” occurs throughout the entire North Pacific coast 
region, but, owing to the rugged topography of this 
region, the wind in some sections may come from the 
northeast or north or even from the southeast, although 
the ordinary southeast wind is something entirely 
different. 

The east wind, as might be expected, is most prevalent 
along a line extended westward from the Columbia 
River Gorge, which is the only break in the great mass 
of the Cascade Range, and in the Straits of San Juan de 
Fuca. Local topography has a decided effect upon the 
direction of this wind and to some extent affects its 
results. The Weather Bureau office at Portland is 
located in the principal business area of the city, on the 
flat between the Willamette River on the east and north 
and the hills that rise on the west and south to a height 
of about 1,000 feet. The writer lives in Rose City Park, 
nearly 4 miles east-northeast from the office. At that 
point the wind may be coming directly from the east 
while at the office it is southeast. 

The climate of the region west of the Cascade Mountains 
under ordinary conditions, is largely controlled by the 
marine influence. When so controlled it is characterized 
by equable temperature, with considerable cloudiness 
and rain in winter and pleasant, bracing weather in sum- 
mer, with a oye low evaporation rate. When 
the east wind blows it brings over the Cascades and 
through the Columbia River Gorge a supply of air which 
has the characteristics of a continental climate. In 
summer, and sometimes in winter, this body of air is 
deep enough to cause the continental characteristics to 
prevail in all respects. At times, however, in winter 


' Prepared for the American Meteorological Society Meeting at Los Angeles, Calif. 
September 17-19, 1923. °6 ngeles, 


the layer of imported air is shallow and underruns a 
current of warm, moist air from the ocean, and when this 
happens something out of the ordinary is sure to follow, 

The east winds are, roughly, of three types. All three 
are anticyclonic, depending on the existence of a high 
Ser ae area somewhere over the northern Roc 

ountain region. They are the hot, dry wind of summer; 
the cold, dry wind of winter, which may be followed b 
rain or snow; and the cold, wet wind of winter, whic 
may be accompanied by rain, sleet, or glaze. 

e hot winds are ordinarily confined to the summer 
months, but dry east winds, carrying temperature above 
normal, have been known to occur as early as the last 
week in February and as late as the first week in October. 
This wind is dreaded by those who are interested in forest 


Fic. 1.—Weather map for May 29, 1922. 


preservation, for the low relative humidity developed 
increases the forest-fire hazard many fold. Such 8 
wind occurs when a large area of high pressure drifts 
slowly eastward from the North Pacific coast, increasing 
somewhat as its center reaches the northern Rocky 
Mountain region. The most striking example of this in 
recent years was that which occurred in the last five 
days in May, 1922. The pressure distribution giving rise 
to this wind is shown in Figure 1, which is a copy of the 
daily weather map for May 29, 1922. During the period 
covered by this wind the temperature was unusually 
high, in some cases the highest of record for May, the 
relative humidity was very low, reaching a minimum 0 
13 per cent at Portland on the 30th, and the wind move- 
ment was strong and well sustained, reaching a maxl- 
mum of 48 miles an hour at Tatoosh Island, Wash., on 
the 28th. Prevailing directions at Weather Bureau 
offices in western Oregon and Washington during this 

eriod were as follows: Tatoosh Island, Wash., northeast; 

ort Angeles, Wash., east; Seattle, Wash., north; North 


| 
; 
~ \ | 
{ f 13 4 i 
30.5 i i 
i 
mack ~ 30,2 
i ‘ ‘ | 
ed ; i i } 
\ e i i 
| 
i ! i 
i 
¢ H i 3040 
H 
29.9. Low \ 
29 : 7 
29.85 
f 


1923. 


Head, Wash., east; Portland, Oreg., east; Roseburg, 
Oreg., north. During this period many forest fires were 
started, and had another such east wind occurred later 
in the season great loss would have resulted. Fortu- 
nately these winds occur only at considerable intervals. 
Undoubtedly these hot east winds of the summer 
months are of the Foehn type, and are somewhat warmed 


Fia. 3.—Weather map for October 7, 1915. 


by compression as they descend from the high plateau 
east of the Cascades to the lower lands toward the ocean, 
but no precipitation occurs as they cross the mountains, 
and their heat is largely the result of insolation under the 
— sky of the intermountain region. 

_ figures 2 and 3 show the pressure distribution at the 
tume of the occurrence of a warm, dry wind on October 
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6 and 7, 1915. The temperature during this period was 
generally above normal, notwithstanding the lateness of 
the season, and some very low relative humidity records 
were made, the lowest being 24 per cent at Roseburg. 
Figure 4 shows the pressure distribution during the 
occurrence of an east wind of the second type, which is 
most common, occurring usually several times every 
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Fia. 5.—Weather map for December 9, 1919. 


winter. In this type the Foehn process is doubtless 
active, for although the air is much colder than that ordi- 
narily overlying this region, it is usually dry to begin 
with, and is really considerably warmer than when it left 
the plateau region. The sensation of cold produced by 
such a wind is altogether out of proportion to the actual 
temperature, for often this is only slightly below freezing. 
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This is due in pest to its habit of blowing without cessa- 
tion for several days (in part to the fact that it is dry 
while the normal winter air in this region is moist), and 
in part to the fact that while it is not extremely cold the 
temperature is much lower than is experienced under 
other conditions. Other things being equal, dry winter 
air does not seem so cold as does humid air. In the 
winter of 1917-18 no freezing weather was experienced in 
Portland until January 30. Under the influence of an 
east wind the temperature fell below freezing on the after- 
noon of that day, and did not rise above freezing again 
until the wind changed to the northwest on February 1. 

The winter east wind ususlly begins with clear sky and 
dry air. In the instance referred to in the preceding 


paragraph the relative humidity fell to 37 per cent on 


Fia. 6.—Weather map for February 1, 1916. 


January 31. — often, however, snow begins to fall 
before the wind changes. Most of the few heavy snow- 
falls that have occurred in this section have been accom- 
panied by east wind. One of the worst snowstorms ever 
experienced in Portland was that of December 9 and 10, 
1919, when snow accumulated to a depth of more than a 
foot, and traffic was completely blocked. This snowfall 
was accompanied by a strong east wind, and was fol- 
lowed by the lowest temperatures since the historic cold 
spell of January, 1888. The pressure distribution on the 
first day of this storm is shown in Figure 5. On December 
8, when the wind began, low relative humidity prevailed 
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from the Willamette Valley to Puget Sound, and the low 
humidity continued at Seattle on the 9th. 

The coldest month of record at Portland was January, 
1888. The cold weather at that time does not seem to 
have been the result of east wind, but seems to have been 
a part of a great cold wave covering most of the country. 
However, the second coldest month of record was 
January, 1916, in which the wind at Portland blew from 
the east 47 per cent of the time. The chart ? representing 
the average pressure for that month shows high pressure 
east of the Rocky Mountains and low pressure extending 
from the Washington coast to Arizona. 

The third type of east wind is the type which results 
from such pressure distribution as is shown on Figure 6. 
In this type a cold current coming from _a center of high 
pressure somewhere in the northern Rocky Mountain 
region meets a warm, moist, southerly current coming 
from the ocean. The meeting place is somewhere in a 
trough-like depression that separates the two areas, which 
is not always well defined. e cold current, being the 
heavier, usually underruns the moist, warm current. 
The degree to which this moist current is cooled by this 
process determines the character of the precipitation that 
results. If the precipitation forms as rain it may be 
frozen into pellets of ice as it falls through the cold cur- 
rent, or it may become overcooled so that it freezes 
immediately on striking. The place most favorable 
for a deposit of glaze is in and near the Columbia River 
Gorge. The storm of February 1, 1916, which is the 
date of Figure 6, was unusually severe, causing immense 
damage to overhead wires in Portland and vicinity. 

Sometimes an east wind of this type is attended by 
very heavy precipitation. This occurred in the storm of 
November 19-22, 1921, when the four-day precipitation 
in northwestern Oregon ranged from 6 to 13 inches.* 

The east wind seldom reaches destructive force, but 
is very persistent, blowing for a day or two, or perhaps 
longer, without cessation. For the year 1922 at Portland 
the average hourly wind movement, all directions con- 
sidered, was 6.1 miles an hour, but the average velocity 
of the east wind was 7.9 miles an hour. 

In Table 1 there are assembled data for six regular 
Weather Bureau stations in western Oregon and western 
Washington for 27 selected dates on which conditions 
were favorable for east wind. It will be noted that 
some easterly or northerly wind occurred on every one 
of these dates, but that it frequently did not occur at 
all the stations at the same time. This table shows 
clearly the difficulty of making a general wind forecast 
apply to a — locality, and emphasizes the need 
for a special study of local winds and their effects, in 
order that fire weather warnings may be localized as frost 
warnings are now localized, and that other interests 
affected by the east wind may be given better advance 
knowledge of its occurence. 


2 Chart 7, Vol. 44, Mo. WEATHER REv. 3 Mo. WEATHER REV. 49: 661. 
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TaBLE 1.—Effect of ‘‘east-wind”’ conditions in various sections of Oregon. 
1914 1915 1916 1918 1919 
July July October. January February. | January. December. 
28 | 29 19 | 20 | 6 | 7 | | 27 | 2 | 27 | 30 | 31 8 | 9 | 10 
| 
Maximum velocity of wind: 
Tatoosh Island, Wash..... 19) 1 44 43 41 36 48 70 
Port Angeles 9 15) 12 35 27; 49; 11) 25] 12) 12 12 32 
Seattle, Wash.........-... 18} 18, 26] 18 18 16 18} 13 19 15] 19 2 
North Head, 35 7 24 20 46, 54, 18 33 34 
Roseburg, Oreg.........--- 9 9 9 12 12 10 10 6 13; 3 18 
maximum ve- 
locit 
Tetoosh Island............ E.| NE NE.| W. Ej Ej NE. NE. NE. 
Port SE| NE. SE NE.| NE.| NE.| SE.| NE.| SW.| SW.| NE.| NE.| NE. NE|NW| 8/8. 
NINW E| E.| SE NE| SE. SE.| NE.) E.| NE. E|NW.| N.| NE. 
North Head... SE..NW.NW.) E E| 8. NW. E| E. SE| Nj 8. 
SE. N..NW.NW N| NINW/ E.|SW.NW,| SE. NW.| Ni Ni N. 
— hours north-to-east 
Tatoosh Island............ 23) 24, 12 24 11) 24 
14) 19, 11) 19) 24 13] 23] 10; 12 0} 24) 
155 98} 24, 24] 17] #17) 12) 22) 8 9 
Departure from normal tem- 
perature: 
Tatoosh Island............ +9 +3) +7) +1 -12, —8| +6) —8| —18 
Port Angeles. ............- +5) 47, +5) —1 —11} —6} +2) —9| —7} —2| —14] —18 
+7) +12) +1 —9} —10| +6, —9| —12) —18 — 
North Head... +9) +2) —3) +7 —9| —14 —4| +7) -11 —4| —20, —21 
+12) +10) +16) +2 +4 —14| —13) —14) —25 
+7) +11) +3 +1) +8! +3) +1) —4 
Relative humidity, 8 p. m., 
75th meridian time: 
Tatoosh Island... .......... 71; 81} 70 63 100, 67) 65, 68 68 64) 55 33} 97) 60 
Port Angeles. ............. 74, 38 52 93! 100 99} 71 94) 66 96 86 49, 49 40 
45563460 37} 38, 58 65) 42) 97| 1 27, 46, 41 36 36 4 
North Head... 84 84) 92 83 100, 95; 58 80 70 86| 38 79 91; 54 92 
Portland. 23 22) 22 100 21; 47| 37| 87, 54 8 13} 16 
41} 24 32 95 73| 34 55| 78 81; 81 22 17, 30 
Precipitation 
toosh Island............ T.| .06 1.48 .57) 0} 0 0 0 
Port Angeles. ............. 0 oO 1.14) 2.52) . 0 0 
North Head... ............ 0 13 3.01] 2.24 0} .23) . 0 
T. 0 -12) 1.94) 1. 0} .01 1.10 . 0 0 0 
0 42 ‘01 52 122) 1.83 0 0 


NOTE ON TRADE WINDS IN HAWAII. 


By Toomas ArtHur Buarr, Meteorologist. 
(Weather Bureau Office, Honolulu, T. H., Aug. 28, 1923.) 


The Hawaiian Islands offer an unexcelled opportunity 
for a study of the characteristics of the trade winds. 
They are continuously within the trade-wind belt, and 
in summer not far from its center; their area is incon- 
siderable; and they are 2,000 miles from the nearest 
continental coast. The trade winds are largely pre- 
dominant throughout the islands for all seasons, but 
there are occasional reversals in winter, and, also, though 
less frequently, in summer. The latter are less well 
developed and usually persist for but a few hours, 
whereas the winter reversals may persist for several days. 
_It is intended to present here merely a brief pre- 
liminary note on the depth of the trades, as shown by 
pilot-balloon flights made by the meteorological section 
of the Signal Corps at Schofield Barracks, island of 
Oahu, Territory of Hawaii; latitude 21° 30’ N.; longitude 
158° 4’ W.; elevation, 262 meters (860 feet). The 
records of 197 flights have been examined. These were 
made twice or more daily, with various exceptions, 
during the period from April 2 to A t 24, 1923. Of 
these, 12 show westerly winds within the first 250 meters, 
41 winds with a southerly component, and the remainder 
are from the northeast quadrant. Only 32 of the 
balloons were observed to an elevation of 5,000 meters. 
The number of times each.direction was observed at the 
different elevations during these 32 flights is entered in 
the accompanying table. 


b 


The most frequent direction, from the surface to 3 
kilometers, inclusive, is east; at 4 kilometers it is east- 
southeast; and at 5 kilometers, southwest. Of the 24 
observations at 6 kilometers, 14 had a westerly com- 
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Fia. 1.—Course of 7 pilot-balloon flights showing shallow trade winds made at Schofield 
Barracks, Oahu, Hawaii, = meteorological section, Signal Corps, United States 
Army, April to August, 1923. 


ponent; 9, easterly or northerly, and 1 was calm. 
At 7 kilometers, 12 out of 18 were from directions be- 
tween south and west, and 6 between north and east; 
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TaBLe 1.—Wind direction frequencies in 32 pilot-balloon flights of 5,000 meters or more, made at Scho. 


Ocrossr, 1923 
field Barracks, Oahu, Hawaii, by the Meteorological 


Section, Signal Corps, United States Army, from April 5 to August 21, 1923. 
[@=21° 30’ N. \=158° 4’ W.] 


Wind direction. 
Altitude in meters. 
N NNE.| NE ENE. E ESE SE SSE. s. SSW. | SW. | WSW. W. |WNW.| NW. | NNW.| Calm. | Total, 

1 1 1 2 _ 2 4 2 4 1 1 24 
1 1 2 2 3 3 1 3 5 2 2 3 1 32 
2 1 2 7 3 1 1 2 4 1 3 1 32 
3 3 8 7 3 2 1 2 1 32 


at 8 kilometers, 5 had an easterly and 5 a westerly com- 
ponent; at 9 kilometers 5 out of 8 were westerly; and 
out of 3 observations at 10 kilometers, 2 were west- 
southwest and 1 south-southeast. 

It thus appears that on the average the dividing 
surface between the trades and the antitrades during 
these months was between 4,000 and 5,000 meters, but 
that not infrequently easterly and northerly winds 
extend very much hig er. It is also true that westerly 
and southerly winds frequently begin very much lower. 
Winds between east-southeast and south-southeast occur 
with considerable frequency throughout the first 5 kilo- 
meters, but so far as the table shows westerly winds are 
infrequent below 4 kilometers. There are days, however, 
when the trades are very shallow, and westerly winds begin 
at a much lower elevation. The accompanying figure in- 
dicates the course of 7 flights, none o oat exceeded 
3,300 meters, and all of which began with trade winds at 
the surface but quickly entered winds from a westerly 
direction. In one case an east-northeast wind at the 
surface became west north-westat 500 meters. Five out 
of the 7 changed through north to west, and 2 through 
south. Of the total number of flights examined, 105 


were made in the forenoon and 92 in the afternoon, but 
of the 7 showing very shallow trades, all but 1 were made 
in the afternoon. Is there an important diurnal factor in 
the depth of the trades ? 

Cumulus or strato-cumulus clouds usually overhang 
the mountain range to the west and southwest of Scho- 
field Barracks, and the greater number of the balloons 
are lost to sight in these clouds. The 32 flights of 5 
kilometers or more were made on days either more than 
usually free of these clouds, or on days when the lower 
wind was such as not to carry the balloons into them. 
It may be, therefore, that the 32 flights, owing to this 
selective principle, are not truly representative. Their 
general indications agree very well, however, with the 
commonly accepted statement of the average depth of the 
trades in this latitude. 

This brief examination has shown the existence of 
considerable variation in the trade winds, even at their 
center in mid-ocean, and suggests important problems 
for further investigation. With the development of 
aviation in interisland travel the depth of the trades will 
cease to be of exclusively theoretical interest, and become 
a matter of practical importance. 


NOTES, ABSTRACTS, AND REVIEWS. 


MEETING OF THE COMMISSION FOR RADIATION 
RESEARCHES.! 


Some of our colleagues will be pleased to know that on 
the occasion of the International Conference of the 
Chiefs of Meteorological Institutes at Utrecht, Holland, 
in September, 1923, our Commission for Radiation 
Researches resumed its work, after a long pause. Ac- 
tinometry, especially, needs mutual international collab- 
oration, and as early as the meeting in Switzerland of 
1912 efforts were made to bring this about. 

The meeting of our commission at Utrecht produced 
satisfactory results and we are hopeful for the future. In 
spite of the small number of members present at the ses- 
sions, some important reports and propositions concern- 
ing organization and instruments were presented, and 
received further consideration at the Conference of 
Chiefs of Meteorological Institutes, which held its sessions 
on September 7-14, 1923.? 


1 Transmitted by J. Maurer, chairman of the commission. 
2See this Review, September, 1923; 51: 467. 


Dr. Anders Angstrém (Stockholm), secretary of the com- 
mission, presented some practical propositions, and Doctor 
Gorezyiiski (Warsaw) who had just returned from a long 
journey to the Far East, presented his important new 
actinometric measurements made in Siam, India, Java, 
and France. Our Commission for Radiation Researches 
had the great pleasure of receiving new members from 
Holland, France, Switzerland, Germany, and Austria. 


ABSTRACT OF THE PROCEEDINGS OF THE COMMISSION. 


A. Questions of organization.—The commission regards 
it highly desirable that: 

(1) A central institute equipped with absolute instru- 
ments be organized in Europe. The purpose of this in- 
stitute should be to exert control and make comparisons of 
actinometric instruments and, in general, to make in- 
vestigations regarding such instruments. 

(2) A central actinometric station in every country 
should be equipped with instruments for absolute meas- 
urement, to be used as national standard instruments. 
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(3) A number of secondary actinometric stations 
should be established in each country. These stations 
may be equipped with secondary instruments for relative 
measurements, standardized through comparison at the 
central station of the country. 

(4) Thecommission discussed the proposition of Doctor 
Angstrém relative to “The possibility of obtaining 
economic support for an effective international coopera- 
tion in meteorological radiation researches.” A sub- 
commission consisting of Messrs. Maurer, Angstrom, Chis- 
toni, Dines, rrmmene bp and Stenz was appointed to 
investigate the necessary expenses of maintaining a 
central institute charged with the comparison and control 
of instruments. 

(5) The discussion of the proposition of Professor 
Chistoni regarding a new terminology in regard to certain 
instruments and branches of radiation research, was 
postponed to a later meeting. Ae ae 

6) In regard to the proposal of Professor Chistoni that 
the central institute be located at Potenza, Italy, the 
commission may refer to the discussion presented by 
Messrs. Angstrém and Lindholm (Appendix I). Further 
discussions were postponed to the next eae, 

(7) According to a proposition by Doctor Kimball 
(United States), the commission decided to emphasize 
the desirability of further investigations regarding the 
possible existence of an influence of cosmical dust upon 
the variations of solar radiation. 

B. Questions bo 8 instruments.—(1) The commis- 
sion decided to indorse the opinions expressed by Messrs. 

gstrém and Lindholm in a report read before the com- 
mission “ Regarding a central actinometric station and 
the pyrheliometric. scale”, and decided that this report 
should be added to the protocol as an appendix. (See 
Appendix I.) 

(2) The commission decided to adopt the opinions ex- 
pressed in a report of Doctor Angstrém “On actinometric 
investigations of solar and atmospheric radiation,” read 
at the meeting, and decided that this report should be 
added as an appendix to the protocol.° 

(3) A paper by Doctor Lindholm “Sur la variation de 
la constants solaire d’aprés les mesures spectrobolo- 
métriques de M. Abbot et d’aprés les mesures pythéliomé- 
triques dans des parties limitées du spectre” was pre- 
sented at the meeting by Doctor Angstrém and the com- 
mission decided to include it in their transactions. 

(4) In regard to sunshine recording instruments, the 
commission decided to postpone any definite proposi- 
tion until the investigation of Doctor Simpson on the 
same subject is published. 

The commission expressed its perfect agreement with 
the opinion of Doctor Gorezyfiski that the organization 
of continuous actinometric measurements in the south 
of France and of temporary actinometric expeditions 
to desert regions, equatorial mountains, and to some 
isolated islands in the central part of the Pacific Ocean 
would be of great utility for the development of solar 
researches and a very important step for the realization 
of an international network of actinometric stations. 

€ commission decided to include the report of Doctor 
Gorezyfiski as Appendix III to the protocol. 

As new members of the commission were proposed 
and elected: Boutaric, Dongier, Maurain, Rey France), 
Hergesell, Siiring (Germany), Kalitin (Russia 
Schmidt (Austria), Schoute, Boerema (Holland), and 
Dorno, Davos (Switzerland). 


), Exner, 
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Appenprix I. 


REMARKS REGARDING A CENTRAL ACTINOMETRIC STATION 
AND REGARDING THE PYRHELIOMETRIC STANDARD 
SCALE. 

By F. and A. Anosrrém. 


At the meeting of the International Union for Coopera- 
tion in Solar Research at Mendon in 1907 it was decided 
that the central actinometric station should be located 
at Upsala. 

According to a former decision at the Oxford meetin 
of the same union, the compensation pyrheliometer o 
K. Angstrém was accepted as a standard instrument for 
measuring solar radiation. The “normal” of this instru- 
ment was to be kept at the central station for comparison 
with instruments furnished to various observers. The 
comparison was made by Angstrém in a twofold way. 
For every instrument the hea 
compensation current was computed from a determina- 
tion of the dimensions of the strip. Thus a computed 
constant of the instrument was obtained. An empirical 
value of the same constant was obtained through com- 
parison with the normal. In order that the instrument 
should be approved, the two constants thus determined 
must agree within 1 per cent. 

In a report to the meeting of the Meteorological Com- 
mission for the Study of Solar Radiation, at Rapperswil 
in 1912, Angstrém’s successor, Prof. G. Granqvist, showed 
that the standard instrument had remained unaltered 
during the time 1905-1912. In a paper on “Comparisons 
between pyrheliometers and the difference between the 

gstr6m standard and the Smithsonian standard’’ 
one of us later showed that the Upsala standard must have 
remained unchanged also during the time 1912-1918. 

Investigations by Marten, Abbot, A. Angstrém and 
others have shown that at present there exists a difference 
between the Angstrém standard and the Smithsonian 
standard of about 3.5 per cent. For all instruments 
which are in an uninjured condition, this difference seems 
however only to vary within less than about 1 per cent. 
It is probably chiefly due to a small source of error, which 
was — out by one of us in 1913, and afterwards 
has been more closely investigated by Marten. The 
error is introduced through a border effect at the strips, 
which arises from the fact that the strip exposed to the 
radiation is not illuminated to its whole length. 

This source of error is easily eliminated, through adding 
a certain constant correction to the computed constant. 


The compensation pyrheliometers have the following 


important advantages: 

1) The standard as well as the secondaries are absolute 
instruments, of which the constants can be easily deter- 
mined through measuring the width and resistance of 
the 

_ (2) The readings give momentary values of the radia- 
tion. 

(3) The constant of the instrument is in high degree 
independent of climatic variables like temperature, 
convection and altitude. 

The importance of a control of the auxiliary instru- 
ment, the milliammeter, must be emphasized. 

The following proposals seem therefore justified by 
the previous discussions: 

(1) That the Angstrém standard pyrheliometer as 
well as the Smithsonian, constructed by Abbot, may be 
used as international standards. 


* Appendix II. An abstract is promised at a later date.—H. H. K. 


4Mo, WEATHER REV., November, 1919. 
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(2) That a preliminary correction of +3.5 per cent 
may be anliad’ to the readings of the Angstrém pyrhelio- 
meters. 

(3) That the central station will be charged with 
(1) the construction of a standard water flow pyrheliome- 
ter and (2) a comparison between the water flow and the 
Angstrém compensation instrument. 

(This proposal that the Central European station 
construct a standard water-flow pyrheliometer for the 
purpose of obtaining comparisons with the Angstrém 
compensation pyrheliometer will be well received b 
American meteorologists. It is only necessary to call 
attention to a paper entitled “Some characteristics of 
the Marvin pyrheliometer” by Paul D. Foote, Scientific 
Papers of the Bureau of Standards No. 323, and to an 
abstract by the undersigned in the Review for November, 
1918, 46:499, to show that European investigators of 
solar radiation are now falling into line with their American 
colleagues. 

It is interesting to note that the Marvin pyrheliometer 
when independently standardized gives radiation measure- 
ments 2 per cent lower than the Standard water-flow 
pyrheliometer constructed by Abbot. This is quite 
comparable with the difference between the Angstrém 
and the standard water-flow pyrheliometers as given 
above. As indicated by both Angstrém and Foote, this 
difference is within the probable error of calibration of 
the Angstrom and Marvin instruments. However, the 
construction of a standard water-flow pyrheliometer by 
the central actinometric station for Europe may be 
expected to yield valuable results.—H. H. ra 

egarding the central station it is important that it be 
closely connected with the construction and furnishing 
of the pyrheliometers. At present (since the failure of 
the Rose Company at Upsala) there seems to be a 
possibility of constructing and furnishing compensation 
at Stockholm under scientific control. 

e chief of the physical institute at Upsala is willing to 
exert control over the pyrheliometers, and a special 
assistant is engaged to make the comparisons. We 
therefore propose that no alteration be made at present 
in the decision at the meeting at Mendon, according to 
which Upsala was selected as central station. 

It seems, however, desirable that a second central 
station be selected for southern Europe, under the condi- 
tion that a close collaboration between the stations can 
be relied upon. Especially a regular comparison of 
their standards seems necessary. 


Appenp1ix III. 


PRELIMINARY REPORT OF DOCTOR GORCZYNSKI ON THE 
RESULTS OBTAINED DURING HIS VOYAGE IN THE EQUA- 
TORIAL REGIONS, MARCH TO AUGUST, 1923. 


Doctor Gorezyfski, who had just returned from a 
voyage to the Far East, undertaken especially for 
actinometric studies, reported briefly on the work ac- 
complished during his six months’ sojourn aboard ship 
and in equatorial countries. Measurements of the in- 
tensity of solar radiation, not only total but partial (by 
means of colored glass), were made from March to 
August, 1923, by means of two bimetallic actinometers 
(Michelson type) compared before and after the journey, 
and also ore | the month of June, 1923, at the Ob. 
servatory of Batavia (with an Abbot instrument). 
During the six months, he made a large number (about 
50,000) of measurements from sunrise to sunset aboard 
the Danish motor ships Jutlandia and Falstria, and also 


1923 


in Siam and at Batavia and Pangerango (Java), the last 
named at an altitude of more than 3 kilometers. 

While Doctor Gorezyfski has not had an opportunity 
up to this time to reduce these measurements, he men- 
tions the most interesting results obtained during the 
voyage: 

(1) The measurements of partial intensity, made with 
colored glass, and especially with the highly monochro- 
matic red Jena glass, show that the percentage of red 
radiation is less in the equatorial zone than in Europe: 
and, consequently, conditions are inverse in other parts of 
the spectrum. For example, in Siam and the Indian 
Ocean, one frequently finds that the red radiation com- 
prises about 43 per cent, while in Europe it is generally 
about 50 per cent. This large difference depends only 
slightly on the solar altitude, which is generally less at 
noon in the temperate zone than in the Tropics. 

(2) There was determined by continuous measure- 
ments between sunrise and sunset the diurnal variation 
of the total and partial intensity in the different geo- 
graphic latitudes from 50° N. to 6°S. It was especially 
interesting to follow the diurnal variation of the per- 
centage of red radiation which increases systematically, 
and considerably, with the decrease of solar altitude. 

(3) The character of monthly variations of the in- 
tensity of solar radiation in the equatorial countries 
seems to be quite different from that which one observes 
in Europe. ile in Europe it is especially the water 
vapor that influences the monthly variations, in the warm 
countries these variations depend principally on atmos- 
pheric opacity, which is quite different durmg the dry 
and wet seasons. 

In spite of these results, Doctor Gorezynfski considers 
that this voyage of study ought to be followed by others 
in different parts of the world, and especially ig the 
desert countries (mountainous parts of the Sahara), and 
also by a prolonged sojourn on an island in the middle 
of the ocean (Tahiti for example). Similarly, it is neces- 
sary to establish for comparison a continuous series in 
Europe, and especially in the South of France, where 
atmospheric conditions are particularly favorable. 


TABLE 1.—Progressive diminution of the partial intensity in the “red 

— ” of the solar spectrum in relation to the total intensity as determined 

y actinometric measurements made during the Polish expedition to 
Siam in 1928. 


(A) ACTINOMETRIC MEASUREMENTS ON BOARD THE MOTOR SHIP 
“JUTLANDIA” OF THE DANISH EAST-ASIATIC CO. 


At noon. 11-13 hours. 
| 
y in the Ss. 
19%3 | zenith MaxQ) “red part.” Ship’s position. 
dis- Air (gr. cal., 
tance. fare, | 
e- 
Observ.. duced 
| 
Mar. 8... 43 | 1.38 16} 1.39 50 64 Atlantic Ocean, 38° N., 
10° W. 
Mar. 13.. 1.28 15} 1.39 50 | 64 Sea, 36° N., 
5° E. 
Mar. 18.. 30 1.15 21 1, 22 48 | 61 | Suez Canal, 29° N., 33° E. 
Mar.20..| 22! . 1.09 28| 1.24 47| 60 | Red Sea ., 38° 
Mar. 23... 1.08 27 | 1.36 Gulf of Aden, 12° N., 44 
Mar. 28... 6, LOL 31} 1.36 45/58 Indian Ocean, 10° N., 65° 
Apr.10..) 1.01! 1.28) Gulf of Siam, Pacific, 3° 
N., 101° E. 
(B) ACTINOMETRIC MEASUREMENTS IN SIAM. 
May 5... 2! 1.00 32| 1.15| | 45| City of Bangkok. 
May 10. 4} 101 32/ Lil 45 58 | Latitude, 13° 44’ N. 
May 15.. 5| Lol 33} 1.25 45 58 | Longitude, 100° 30’ 
May 21..) 6 1.01 33 1,22 | 44 | 56 | Height, 10m. 
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TABLE 1.—. essive diminution of the partial intensity in the ‘‘red 

rt’ of the solar spectrum in relation to the total intensity as determined 

actinometric measurements made during the. Polish expedition to 
Siam in 1928—Continued. 


(C) MOUNT PANGERANGO, JAVA. HEIGHT, 3,023 METERS. 
[¢=6° 45'S. A=—106° 58’ E. of Gr.] 


At noon. 11-13 hours. 


iut th 
1923 | tem- |MaxQ| “red part.” 


Cc. Re- 
Observ. duced. 
15. 30 81 16] *1.6 *42 54 *In consequence of the 
= 16 30 0. 81 11 ¥*1.6 #43 55 | clouds the actinometric 
June 17 30 0. 81 13 *1.6 ¥*43, 55 | measurements were made 


during the morning hours 
only; the values, reduced 
at noon, are oniy provi- 
sional. 


(D) ON BOARD THE MOTOR SHIP “FALSTRIA,” DANISH EAST- 
ASIATIC CO. 


July 22..| 1.04 29| 1.20 45 58 | Indian Ocean, 4° N., 61° 
July 28... 8} 1.02 31| 1.12 45 58 Gulf of Aden, 11° N., 47° 
July 31.. 0} 1.00 32| 117 45 58 | Red Sea, 18° N., 40° E. 

‘Aug. 1... LOL 32| 117 47 60 | Red Sea; 22° N., 38° E. 

Aug. 5..! 15 1.04 27 1. 28 47 60 — re Sea, 32° 
Aug.7.... 1.05 29! 1.38 48 61 Mediterranean Sea, 34° 
Aug. 9 22] 1.08; 28; 1.28] 49| 63 Mediterranean Sea, 38° 


(E) CONTINENT OF EUROPE. 


Aug. 13.. 29 1,14 34 1.30 50 64 | Montpellier, 43° 6’ N. 
Agric. Met. St. 
Aug. 21.. 36 1. 23 29 1.17 51 65 | Paris, 48° 8’ N. Observ. 


Pare St. Maure. 
+Sun veiled. Warsaw 52° 
Sept. 13. 48| 1.49 $0.88 51 65 |} 2’ N., 21°0’ E. Gr. Pol- 
50| 1.54 22| 1.17 52 67 ish Meteorological Insti- 
ute. 


Note.—The values of Max Q are provisional. ape omens of the partial intensity 
in the “‘red part” in relation to the total intensity of the solar radiation were obtained 
with a red-glass filter (Schott F 4512; thickness,4mm.). The transmissibility of the 
red glass (1 mm.) is: 94 per cent for \=0,644 w (5 per cent for A=0.578u). The ‘‘reduced”’ 
values are greater in proportion 1/(0.94)4. 


[Readers of the Review will be interested to know that 
in a recent letter Doctor Gorcezyfski states that he has 
definitely decided upon a journey to America, although 
the date of the journey is still uncertain. 

His program of work includes the following: 

(a) comparisons between the Abbot pyrhelio- 
meter, the Angstrom pyrheliometer, and the Wichinlson 
actinometer. 

(b) A study of the bolometric work of the Astrophysical 

bservatory of the Smithsonian Institution. 

(c) In cooperation with the United States Weather 
Bureau, an attempt will be made to obtain a series of 
measurements of the total and partial intensities of 
solar radiation in North, Central, and South America, in 
order to complete the series obtained on his recent 
expedition to southern Asia. Special attention will be 
given to the question of the progressive diminution in 
intensity of the red part, rs also other parts, of the 
solar spectrum, between the. temperate zones and the 
equator, the diurnal and monthly variations in these 
intensities, and the relation between the meteorological 
elements and solar radiation. 

Doctor Gorezyfiski can be assured of a hearty welcome 
and cordial cooperation when he arrives in the United 
States.—H. H. a 
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WARM FALL WEATHER IN ALASKA AND RUSSIA, 1923. 


The daily weather reports from Alaska received by 
cable and radio by the United States Weather Bureau 
show the prevalence of relatively high temperature for 
the season and this is confirmed by press dispatches that 
appear from time to time. The latest of these, repro- 
duced below, shows, however, that at Dawson, at least 
the season is only about a week later than in 1922. 


PRESSURE DEPARTURES 1923 
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Fia. 1.—Pressure and temperature departures for Alaskan stations, autumn, 1923. 


YUKON FREEZES LATE.! 


Dawson, Y. T., November 24.—At noon to-day the Yukon River 
was frozen over here for the first time this winter, the latest date in 
the memory of the oldest ‘‘sourdoughs” residing in the Territory. 

Three weather records have been broken this year. Last year the 
river was covered with ice on November 16. The season of navigation 
on the river opened May 10, 1923, two weeks earlier than any on record 
here. From May to November 24, the mean temperature was 57 de- 
grees Fahrenheit. 


As illustrating the very close connection between pres- 


sure and temperature in Alaska the graph presented 
in Figure 1 has been prepared. The upper part of 


1 Washington (D. C.) Star, Nov. 26, 1923. 
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the figure shows the pressure oscillations above and be- 
low the normal for 5 stations, as follows: Midway Island 
and Honolulu representing the Pacific area and 3 points 
in Alaska, viz, Dutch Harbor on the island of Unalaska 
N. lat. 53° 54’, W. lon. 166° 32’; Nome on the coast in 
the Bering Sea area, N. lat. 64° 30’, W. lon. 165° 24’; 
and Tanana in the interior on the Yukon River N. lat. 
65° 8’, W. lon. 152° 0’. 

The warm weather does not appear to have been con- 
fined to Alaska, as witness the following clipping from 
the New York Herald of Nov. 24, 1923: 

Moscow, November 23.—Wild flowers and cherry trees are in bloom 


in the Ukraine and the temperature in Kiev is above 60 Fahrenheit. 
Reports received here say it is the latest winter for decades. 


—A. J. Henry. 


METEOROLOGICAL OBSERVATIONS ON SHIPPING 
BOARD VESSELS. 


Instructions have been issued under date of October 25, 
1923, to masters of Shipping Board vessels having con- 
tinuous radio service to take two meteorological observa- 
tions daily at 7 a. m. and 7 p. m., 75th meridian time 
(noon and midnight G. M. T.) when in certain prescribed 
areas and to transmit them to the United States Weather 
Bureau in Washington, D. C. 

Detailed instructions are given as to the transmission 
as follows: Ships in the Atlantic, the Gulf of Mexico, and 
the Caribbean Sea should transmit directly, or by relay, 
through Shipping Board vessels only, to United States 
Naval shore stations, except that those on transatlantic 
routes when out of range of United States Naval Radio 
stations should transmit their messages to the French 
Meteorological Service, Paris, France. 

Shipping Board vessels in the Pacific Ocean may trans- 
mit to radio shore stations of the United States Navy, the 
Federal Telegraph Co., or the Radio Corporation of 
America. 

Ships not having continuous radio service will take 
but a single observation daily at 7 a. m., 75th meridian 
time, and if an operator is not on duty at 7 a. m. the 
observation will be taken at 7 p.m., 75th meridian time, 
and transmitted as described in the foregoing paragraph. 

Areas from which observations are desired and address 
to be used: North of latitude 10° N. when in Gulf of 
Mexico, Caribbean Sea, and Atlantic Ocean, address 
messages to Government Observer, Washington, D. C., 
when in range of United States Naval Radio stations; 
when out of range of such stations address messages to 
“Metro Paris, via Brest Mengan.”’ 

Between latitude 10° N. and 25°N. and east of longitude 
110° W. in the Pacific Ocean, address messages to 
“Government Observer, San Francisco, California.” 
Elsewhere in the Pacific north of latitude 10° N., address 
messages to “Government Observer, San Francisco, 
California.” 


Ocroser, 1923 
FLOOD-IN CANAL ZONE, OCTOBER 20-23, 1923. 


Mr. R. Z. Kirkpatrick, Chief Hydrographer, Canal Zone, 
has kindly supplied the editor with the following details 
of the great flood which came down the Chagres River 
and passed into Gatun Lake October 20 to 23, 1923. It 
will be remembered that Gatun Lake was formed by 
damming the waters of the Chagres at Gatun, thus forming 
a lake with an area of 164 square miles. This lake, at 
elevation 87 feet above sea level, contains 192.24 billions 
cubic feet of water collected from a drainage area above 
Gatun of 1,320 square miles. 

For two days preceding October 17 the Canal Zone had 
strong day and night winds from the south running up to 
34 miles per hour. Sea rough. Representative to 
season conditions (except for the direction of the wind) 
up to night of October 20-21. Heavy rains then started, 
particularly over the northern end of Gatun Lake water- 
shed. About 35 inches in all fell there between mid- 
night October 20 and — October 26, breaking all 
ane rainfall records, although those of Colon go 

ack to 1862. 

The resulting flood seriously disarranged traffic both 
by canal and rail; slides on the radivoad prevented 
traffic for several days. 

For several hours on October 22-23 water was entering 
Gatun Lake at the rate of 300,000 c. f. s. at a time when 
11 spillway gates and four lock culverts were dischargin 
at the rate of 188,000 c.f. s. The spillways were open 
in order to reduce the lake level below 87 feet, since at 
that level there is some flood hazard at this season. 

During the 48 hours ending midnight October 24 the 
rainfall at the following-named stations, all in the 
Atlantic watershed, amounted to: 


These 48-hour records exceed those of any previous 
month of October, and the record at Colon goes back to 
1862. At Gamboa, in the interior near the divide, the 
amount for the same time was but 14.8 inches, an amount 
which had been exceeded only six times by the total 
October rainfall since the beginning of records in 1881. 
At Alhajuela, on the upper Chagres, the rainfall amounted 
to 18.9 inches. At Pedro Miguel and Balboa, both on 
the Pacific side, the fall was 9.1 and 7.3 inches, respec- 
tively. Thus it is seen that in this extraordinary rain- 
storm the normal relations between the Atlantic and the 
Pacfic slopes greater rainfall on the latter than on the 
former was maintained. 

Another feature of very considerable interest was the 
very rapid runoff from a tropical area as exemplified by 
the Chagres River on October 22-23, making it neces- 
sary to open 11 spillway gates and 4 lock culverts.— 
A. J. Henry. 
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RECENT ADDITIONS TO THE WEATHER BUREAU 
LIBRARY. 


C. FrrzHucH TALMAN, Meteorologist in Charge of Library. 


The following have been selected from among the 
titles of books recently received as representing those 
most likely to be useful to Weather Bureau officials in 
their meteorological work and studies: 


Boerema, J ° 

Regenval in het noordelijk deel van (rainfall in the northern part 
of) Sumatra’s oostkust. Weltevreden. 1923. 63 p. figs. 27 
em. (K. Mag. en met. observ. Batavia. Verhand. no 11.) 

Carpenter, Ford A. 

Alaskan coast weather conditions in relation to an air-route from 
Los Angeles to Juneau. [Los Angeles.] 1923. 10 p. diagr. 
28cm. [Typewritten.] 

Franz, Albert. 

Vergleichende Untersuchungen tiber die Klimate von Freiburg i. 
Br. und Rom. Freiburg im Breisgau. 1915. 60 p. 22 cm. 
(Inaug.-Dissert. zu Freiburg im Breisgau.) 

Georgeson, C. C. 

Information for p tive settlers in Alaska. Washington. 
1923. ii, 18 p. plates. map. 234 cm. [Climate, p. 2-4.] 
(Alaska agric. exp. sta. Circ. no. 1.) 

f 393-410. di (E 

Coldward course of progress. p. . diagr. 22$cm. xc. 
Pol. sci. quart., _— York. v. 35, Sept., 1920.) 

[Great Britain.) H. M. stationery office. 
“ — publications on meteorology. [London.] 1923. 16 p. 
cm. 
Hanzlik, Stanislas. 

Ziklady meteorologie a_klimatologie. Praze. 1923. 137 p. 

figs. 214.cm. [Published as v. 46 in collection ‘‘Zeméa 


Hellmann, G. von. 
Uber den Ursprung der volkstiimlichen Wetterregeln (Bauern- 
In). p. 148-170. 254 cm. [Bibliography, 162-170.] 
( ae der preuss. Akad. der Wissensch. 20. Juni 
21, 
Huntington, Ellsworth. 

Earth and sun; an hypothesis of weather and sunspots. With a 
chapter by H. Helm Clayton. New Haven. 1923. xxv, 
296 p. tables (part fold.) diagr. (1 fold.) 234 cm. 

Mascart, Jean. 
Climatologie du département du Rhéne. Application & une 
pommente mutuelle contre la gréle. [Paris.] 1923. 30 p. 
4 cm. 
Murphy, Johnston. 
in insurance. p. 5-10. illus. port. 26 cm. (Exc. The 
Vigilant, N. Y., v. 55, Apr., 1923 
Palmer, Andrew H. 

Weatherinsurance. p.20-22. 26cm. (Exc. The Vigilant, N. Y., 
v. 55, Apr., 1923.) 

Report of a conference on cycles. New York. 1923. a 657-676. 254 

em, (Repr. Geogr. review, — v. 13, Oct., 1923.) 

Russia. ntral hydro-meteorological bureau. 

Izvestifa tsentralnago gidrometeorologicheskogo bftro. pt. 1. 
Petrograd. 1923. viii, 126 p. plates. a cm. [Report of 
the central hydrometeorological bureau.] [Author, title and 
text in Russian and German. |] 

Russia. Central physical observatory. 

(Work of the aerological observatory of Pavlovsk.] T.1. 1920. 

Pavlovsk. 1922. [Author, title and text in Russian.] 
Russia, Hydrographic office. 

Doklad predstavlennii i-mu geofizicheskomu sezdu. Petrograd. 
1918. 23 24 cm. port of the exhibition at the first 
geophysical meeting.] [Author, title and textin Russian.] _ 

Kratkiya svidiniya so meteorologii i okeanografii Karskago i 
Sibirskago morei. Petrograd. 1918. 114 p. charts (fold.) 
27 cm. [Concise information on the meteorology and oceanog- 
raphy of the Kara sea and the Arctic ocean.] [Author, title and 
text in Russian.] 

Sbornik gidro-meteorologicheskikh nablfadenil. pt. 13. Petro- 
grad. 1918. [Recueil des observations hydro-météorologiques 
... administration générale d’hydrographie.] [Author, title 
and text in Russian and French.] 

Schonken, J. D. 
Dorre Suid-Afrika. Bloemfontein. [1921.] xxiv, 335 p. illus. 


24 cm. 
U. S. National park service. 
Rules and lations, Yellowstone national park, 
1923. Washington. 1923. 110 p. figs. plates. maps. 
em. [Climatic data. p. 61.] 
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American meteorological society. Bulletin. Worcester, Mass. v. 4. 
October, 1923. 
Alter, J. Cecil. Using weather records. P. 139-141. [Abstract.] 
Blake, Dean. Sonora storms. p. 135-137. [Abstract.] 
Blochman, L. E. Forecast values of lows entering directly off the 
California coast in September and October and the forecast 
value of good summer rainsat San Diego. p. 137-138. [Abstract.]} 
Brooks, Charles F. Past, present, and coming (?) weather in the 
North Atlantic — p. 148-150. 
N.W. Evaporation from water surfaces. p. 129-130. 
stract. 
McEwen, George F. How the Pacific Ocean affects southern 
California’s climate. Seasonal rainfall for 1922-23 indicated by 
ocean temperature. p. 142-148. 
McEwen, George F. A method of computing evaporation from 
nr gradients in lakes and reservoirs. p. 130-131. 
stract. 
Meisinger, d. LeRoy. The disastrous balloon race. p. 150-151. 
Sherier, J. M. Mountain snowfall and flood crests in the Colorado. 
p. 134. [Abstract.] 
Belgium. Bulletin agricole du Congo Belge, Bruxelles. v.14. Juin- 
septembre 1928. 
Gasthuys, Paul. Instructions pour les observations pluviomé- 
triques. 


Gasthuys, Instructions pour les observations thermomé- 
triques. p. 448-451. 
G{asthuys], Paul]. Observations météorologiques. Province 


orientale du Congo Belge. p. 437-444. 

Discovery. London. v. 4. November 1923. 

Pulvertaft, R. J. V. The air ministry and atmospheric problems. 
1, Testing a city’s air. 2. Sunspots and climate. p. 303-304. 

France. Académie des sciences. Comptes rendus, Paris. t. 177. 1928. 

Rothé, E. Sur les tremblements de terre observés en France au 
cours de l’année 1922. p. 703-705. (15 oct.) 

Gorczinski, Ladislas. Sur la diminution de |’intensité dans la 

rtie rouge du rayonnement solaire, observée entre 1’ Europe et 
*équateur. p. 754-757. (22 oct.) 

Huguenard. Sur une méthode de mesure absolue de la vitesse 
d’un courant d’air. p. 744-747. (22 oct.) 

Idrac, P. Sur la structure des vents du large et leur utilisation 
pour le vol 4 voile. p. 747-749. (22 oct.) 

Lambert, P., Dejardin, G., & Chalonge, D. Essai de mise en 
évidence, & haute altitude, d’un oom eg solaire dans 
Vultraviolet lointain. p. 757-759. (22 oct.) 

India. Meteorological department. Memoirs. Calcutta. v. 24, pt. 4. 
1923. 

Walker, Gilbert T. Correlation in seasonal variations of weather, 
VIII. A preliminary study of world-weather. 

International institute of agriculture. International review of the science 
and practice of agriculture. Rome. Newser. v.1. July-September, 
1923. 

Azzi, G. The wheat climate in Italy. p. 608-615. [Abstract.] 

Eredia, Filippo. The periodicity of meteorological factors in 
relation to agriculture. p. 545-560. 

Scharfetter, Rudolf. Phenology and agriculture. p. 561-572. 
[Describes author’s hypothesis of climatic ryhthm. 


531 
Is | 
er 
It 
at 
1s 
d | 
y- 
1) 
| 
ll | 
0 | 
2 
| 
. 
4 | 
3 
) | 
| 
| | 
| 


532 MONTHLY WEATHER REVIEW. 


Italy. Commissariato dell’aeronautica. Notiziario di aeronautica. No. 
8. Allegato. Roma. Settembre 1923. 
Gregg, Willis Ray. I] fattore vento nel vlo. p. 25-34. [Trans. 
from Mo. weather rev.] 
Meteorologia pratica. Montecassino. Anno 4. Maggio-guigno 1923. 

Cavasino, Alfonso. Il terremoto del 29 dicembre 1922 nell’ 
Italia centrale. p. 138-141. 

Crestani, Giuseppe. L’elettricita nel p. 136-137. 

Marini, L. Intornoal tipo di anemografo da adottarsi negli osserva- 
tori meteorologici italiani. p. 118-135. 

Paoloni, B. Per l’organizzazione di un servizio meteorico- 
igienico in Italia. p. 111-117. 

Meteorological magazine. London. v. 58. 1928. 

Botley, Cicely M. Dawn and sunset colours, cloud shadows, etc. 
132-133. (July.) 

Effect of wind suction in lighthouses. p. 135-136. (July.) 

The Paulin aneroid barometer. p. 140-141. (July.) 

Stewart,C.D. The exposure of rain gauges. p. 128-129. (July.) 

Visher, Stephen Sjargent]. Variability of tropical climates. 
p. 121-125. (July.) p. 154-159. (Aug.) p. 178-179. (Sept.) 

Brooks, C. E. P. The east-west oscillation of the Icelandic mini- 
mum as shewn by monthly pressure charts. p. 173-178. (Sept.) 

¢ W. Rainfall insurance. p. 184-185. (Sept.) 

B., E. G. cloud spiral. p. 212-213. (Oct.) 

The death of Lady Shaw. p. 197-198. (Oct.) 

of maximum temperatures at Newquay. p. 208- 

10. t. 

G., M. A. Meteorology, etc., at the British association meeting, 
Liverpool, 1923. p. 203-206. (Oct.) 

Meeting of the international meteorological conference at Utrecht. 
p. 198-202. (Oct.) 

The passing of Benson observatory. p.215. (Oct.) 

Meteorologische Zeitschrift. Braunschweig. Bd. 40. 19238. 
Winter—zeitiges Friihjahr in Deutschland. 
p. 249-250. ug. 

Baur, Franz. Versuch einer Vorausberechnung des ret arm 
charakters der Jahre 1923, 1924 und 1925 fur das rechtsrheinische 
Bayern. p. 232-235. (Aug) 

Conrad, V. Zum Klima von Tripolitanien. p. 235-240. (Aug.) 

wi V. Nachruf auf Professor Th. Homén. p. 240- 

42. (Aug. 

Koschmieder, Harald. Uber die Singularititen des Stromfeldes 
im sommerlichen Mitteleuropa. p. 225-231. fan -) 

Mazelle, Ed. Die tagliche Periode der relativen encktigkelt in 
Triest. p. 246-247. (Aug. 

Miiller, Aloys. Das referenzflichenproblem in der zweiten Auf- 
lage der ‘‘Meteorologischen Optik” von Pernter-Exner. p. 
250-252. (Aug) 

Pollak, LeoWenzel. E.GoldbergsSichtmesser. p. 244-246. (Aug.) 

Sampaio Ferraz, [Joaquim de]. Der meteorologische Dienst in 
Brasilien (1921 bis 1923). p. 242-244. (Aug.) 

der Wintertage zu den Frosttagen. 
p- 247-249. ug. 

Conrad, V. Die Hiufigkeit von Niederschlagstagen mit grosser 
Ergiebigkeit in Wien. 2. 273. (Sept.) 

Ficker,H.v. Erginzende Bemerkungen zu dem Referat iiber die 
Polarfronttheorie. p. 264-267. (Sept.) 

Zur Erklarung der Gewitterelektrizitit. p. 277-279. 

pt. 

Kohler, Hilding. Wasseroder Eis? Uber die Grisse der Wolken- 
elemente in einigen verschiedenen Wolken. p. 257-262. (Sept.) 

Lindholm, F. Ist die Genauigkeit der Niederschlagsmessungen 

__von der Grésse der Auffangflicheabhingig? p.279-281. (Sept.) 

oor Bar, Bary und absolute Atmosphire. p. 271-273. 

ept. 

Mazelle, Eduard. Die tigliche Periode der Windgeschwindigkeit 
nach den Angaben von zwei Windmessern verschiedener Auf- 
stellung in Triest. ms 267-271. (Sept.) 

Sandstrém, J. W. Untersuchungen iiber die Polarfront. p. 
262-264. (Sept.) 

Wagner, A. Willis Ray Gregg, Aerologische Untersuchungen in 
den Vereinigten Staaten. p. 275-277. (Sept.) 

‘Wiese, W. Resultate der meteorologischen Beobachtungen der 
Sedofischen Polarexpedition auf Franz-Joseph-Land 1913-1914. 
p. 274-275. (Sept.) 

Natural. history. New York. v. 22. September-October, 1923. 

Gudger, E. W. Snow worms. Enchytreid worms found in the 
snow and on the glaciers of high mountains. p. 451-456. 

Hovey, Edmund Otis. Earthquakes. p. 457-461. 

A. The Japanese earthquake explained. p. 

Nature. London. v. 112. 1923. 
oR C.W. Barometric pressure in high latitudes. p. 325. 
t..1. 
P.C. Correlation of upper air variables. p. 323-324. 
pt. 1. 


1923 


activity and atmospheric electricity. p. 361-362. 

ept. 8. 

Deri, Px C. W. Polar climate and vegetation. p. 436-437, 

(Sept. 22. 
Bepent, 30) C. W. The European drought of 1921. p. 488-489. 
ept. 29. 

Dines, L. H. G. Can the geostrophic term account for the angular 
momentum of a cyclone? p. 473. (Sept. 29.) 

Stefansson, Vilhjalmur. Polar temperatures and coal measures. 
p. 472-473. Gert. 29.) 

Dines, W. H. Correlation of upper air variables. p. 502. (Oct. 6.) 

The international meteorological conference at Utrecht. p. 523- 
525. (Oct. 6.) 

Mr. Frederick Chambers. p. 550-551. (Oct. 13.) [Obituary] 

Prof. J. Violle. p. 551. (Oct. 13.) [Obituary.] 

Ryd, V. H. The mechanics of a cyclone. p. 562. (Oct. 13.) 
[Abstract. 

The sun and the weather. p. 596-597. (Oct. 20.) 

Nature. Paris. 51 année. 1928. 
wes A. Le tremblement de terre du Japon. p. 181-187. (22 

sept. 

Troller, A. Les séismographes et les ondes séismiques. p. 193- 
198. (29 sept.) 

{. Violle. suppl. p. 105. (6 oct.) [Obituary.] 
illard, P. La couleur propre des nuages. p. 235-236. (13 oct.) 

typhon du 18 aofit dernier sur Hong-Kong. 
p. 208. oct. 

Touchet, E. L’atmosphére de Vénus. p. 250-251. (20 oct.) 

Naturwissenschaften. Berlin. 11. Jahrgang. 1928. 

Knoch, K. Die Méglichkeit der Abschitzung des Ernteertrages 
auf Grund meteorologischer Angaben. Ein wichtiges Kapitel 
aus dem Gebiete der landwirtschaftlichen Meteorologie. p. 
769-776. (14. Sept.) 

Dietzius, R. Ozon in den obersten Luftschichten als Schirm 
mars die ultraviolette Sonnenstrahlung. p. 808-811. (28. 
ept. 

Philosophical magazine. London. v. 46. October, 1923. 

Giblett, M. A. The effect of the rolling of a ship on the readings of 
a marine mercury barometer. p. 707-716. 

Vegard, L. Theconstitution of the upper strata of the atmosphere. 
p. 577-604. 

Revue générale des sciences. Paris. 34. année. 15 aott 1928. 

Monod, Th. Le probléme du desséchement dans la région du 
Cap Blanc (Sahara occidental). p. 450-452. 

Revue scientifique. Paris. 61 année. 19138. 

Oo (ea eset) La prévision scientifique du temps. p. 590- 
591. sept. 

Gain, _ La prédiction des houles au Maroc. p. 605-615. (13 
oct. 

Royal aeronautical society. Journal. London. v. 27, October, 1923. 
Piercy, N.A. V. On the vortex pair quickly formed by some aero- 

foils. p. 488-500. 
Royal astronomical society of Canada. Journal. Toronto. v.17. Sep- 
tember, 1928. 

Chant, C. A. The audibility of the aurora. p. 273-284. 

Satterl: , John. The upper atmosphere. p. bo1-301. [Discusses 
views of Lindemann & Dobson. ]} 

Royal sy society. Quarterly journal. London. v. 49, 1923. 
C.,J.E. Henry Bridger Adames. p. 137. (April.) [Obituary.] 
Chree, C. Aurora and allied phenomena. p. 67-74. (April.) 
E., D. Walter William Bryant. p. 137-139. (April. ) [Obituary.] 
Fujiwhara, S. On the growth and decay of vortical systems. p. 

75-104. (April.) 

Fujiwhara, S. On the mechanism of extratropical cyclones. Pp. 
105-118. (April.) 

Mr. C. L. Wragge. 3 140. (April.) [Obituary.] 

Death of Captain C. H. Ryder. p. 176. (July) {Obituary.] 

Dines, W. H., & Dines, L.H.G. An examination of British oe 
air date in the light of the Norwegian theory of the structure of the 
cyclone. p. 167-176. (July.) 

Dobson, G. M. B. The characteristics of the atmosphere up t0 
200 kilometres as indicated by observations of meteors. P. 
152-165. (July.) 

Gold, E. Reform of the calendar. p. 147-151. (July.) . 

Kobayasi, Tatuo. On the mechanism of cyclones and anticy- 

L., R. G. K. Mortyn de Carle S. Salter. p. 201-202. (July.) 

Shankland, E. C. Notes on the fluctuations of mean sea-level 12 
relation to change of atmospheric pressure, from observations at 
Liverpool, August and September, 1920. p. 190-196. (July-) 

Shaw, Napier. The cup anemometer in Gale. p. 166. (July.) 

Scientific monthly. New York. v. 17. November, 1928. ; 
Huntington, Ellsworth. Influenza and the weather in the United 

States in 1918. p. 462-471. 
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SOLAR OBSERVATIONS. 


SOLAR AND SKY RADIATION MEASUREMENTS DURING 
OCTOBER, 1923. 


By Hersert H. Kiwpatt, In Charge, Solar Radiation Investigations. 


For a description of instruments and exposures, and 
an account of the method of obtaining and reducing the 
measurements, the reader is referred to this Review for 
April, 1920, 48:225, and a note in the Review for 
November, 1922, 50: 595. 

From Table 1 it is seen that solar-radiation intensities 
averaged above normal values for October at all stations, 
but by only a slight amount at Washington. 

Table 2 shows a slight deficiency in the total radiation 
received on a horizontal surface at Washington, Madison, 
and a slight excess at Lincoln. 

Skylight polarization measurements obtained at Wash- 
ington on 14 days give a mean of 55 per cent, with a 
maximum of 67 per cent on the 9th. At Madison, 
measurements obtained on 3 days give a mean of 64 per 
cent, with a maximum of 68 per cent on the 22d. These 
are slightly below average values for October at Madison 
and close to average at Washington. 

A new solar radiation station at 6 _ 7 a 9 


Other things being equal, we would expect the daily 
totals of radiation at Chicago to fall between those for 
Madison and Lincoln. Table 2 shows that they average 
less than the average for Madison. 

Figure 1 makes clear the reason for this deficiency. 
On it are reproduced the pyrheliometric records ob- 
tained at Chicago on October 22, 23, and 26. October 23 
was a cloudless day, with a moderate wind from the 
northeast or from off the lake, which blew away the 
smoke. The total radiation for the day was 332 gram- 
calories per square centimeter, which is 4 per cent more 
than was recorded on any day in the last decade of Octo- 
ber at Madison, and 22 per cent less than the maximum 
recorded on any day during the same decade at Lincoln. 
October 22 was also a cloudless day, but with a light 
wind from the northwest in the morning. Notes from 
the station record at the university read: .‘‘ Dense city 
smoke present until 10:30 a. m.? when it was swept away 
by the wind shifting to the northeast. Standing objects 
not visible at a distance much in excess of one-eighth of 


10 11 NOON 1 2 3 4 5 6 


Chicago, Ill—On September 24, 


1923, a thermoelectric pyrheliom- 


eter! was installed just above the 


coping on the south side of the 16 


tower on Rosenwald Hall, Univer- 


sity of Chicago. By means of an 


Engelhard recording millivoltmeter, va 


continuous records are obtained of 


the total solar and sky radiation ~ 


received on a horizontal surface. —e 


The horizontal receiving surface of 


the pyrheliometer is about 90 feet : 


above the ground, and practically ; 


above all towers or other high ob- Z 


8 


jects on the university campus, ex- [- 4 


uv 
| 


cept a steel tower which rises from z 


| 
— 


the center of the tower on which the —-] of 


Oct. 26, 1923 


pyrheliometer is exposed, and which 


supports the anemometers and wind 
vanes. The station anemometer is 
38 feet higher than the pyrheliometer. 

This steel tower and the wind instruments can not shade 
the pyrheliometer from the sun, but they do intercept some 
radiation from the northern sky. When the sun isshining, 
this loss is probably counterbalanced by reflection of direct 
solar radiation from the tower to the pyrheliometer. Dur- 
ing cloudy weather, however, the presence of the steel 
tower must cause a small percentage loss in the radiation. 

The University of Chicago is about 1 mile west from 
the lake front, 3.5 miles southeast of the Union Stock 
Yards, and 5 miles northwest of the Pennsylvania Rail- 
road station in South Chicago. Light winds from either 
of these latter districts increase the amount of smoke 
in the atmosphere at the university. 

The latitude of the university is 41°47’ north, the 
longitude 87°35’ west, and the height of the pyrhe- 
liometer above sea level is 688 feet. The latitude is 
about 14° less than that of Madison, Wis., and 1° more 
than that of Lincoln, Nebr. The elevation above sea 
level is about 320 feet less than that of the Callendar 
recording pyrheliometer at Madison and 560 feet less 
than that of the Callendar instrument at Lincoln. 


Fic. 1.—Thermoelectric pyrheliometer records, University 
(The time indicated is apparent, or true, solar tim: 


Chicago, Ill. 


a mile during the time of the smoke.’ Between 10 and 
11 a. m., when the depression in the record is greatest, 
the hourly amount of radiation was only 24 per cent of 
what it was during the same hour on the 23d, while 
during the hour ending at 2 p. m. it was 79 per cent. 
With reference to October 26, the observer’s notes read: 
“Dense city smoke present in the forenoon. Sky over- 
cgst throughout the day; alto-stratus, stratus, and strato- 
cumulus clouds. Light rain began to fall at 2:43 p. m. 
and continued until after midnight.” 

The total for the day was 5.1 gram-calories, and is less 
than the minimum daily amount recorded at Washington, 
Madison, or Lincoln, in any month. 

Conditions similar to those on October 22 prevailed on 
October 9, except that in this case the wind in the morning 
was from a westerly direction and shifted to easterly 
before noon. At 10:30 a. m. the intensity of direct solar 
radiation was about 1.20 gram-calories per square centi- 
meter of normal surface per minute, and by noon it had 
dropped to about 0.70 gram-calory due to a piling up of 
the smoke at the time the wind changed direction. 


1 Kimball, Herbert H., and Hobbs, Hermann E. A new form of thermoelectric re 
cording pyrheliometer. This REVIEW, May, 1923, 51: 239. 


2 90th meridian time, or 10:51 a. m., apparent, or true solar time, 
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The thermoelectric pyrheliometer was standardized by 
comparisons with a Marvin comma in Washington 
during the earlier part of September, and with Smith- 
sonian silver disk pyrheliometer No. 1 in Chicago on 
October 9, 10, and 11. The factor found to reduce scale 
readings on the record to gram-calories per minute per 
square centimeter is 0.087. 

It is worthy of note that while the highest intensity 
of solar radiation at normal incidence measured at Chi- 
cago was 1.20 gram-calories, with an air mass of 1.5, the 

ighest intensities measured at Madison and Lincoln in 
this same month, and with a greater air mass of about 
1.8, were 1.38 and 1.48 gram-calories, respectively. 

In this connection it is of interest to recall a decrease 
in solar radiation intensity from 1.43 calories to 1.17 
calories at Lincoln, due to a smoke cloud that was brought 
over the university farm from the city by a change in 
wind direction. See this Review for January, 1917, 45:4. 


TaBLE 1.—Solar radiation intensities during October, 1923. 


{Gram-calories per minute per square centimeter of normal surface.] 
Washington, D. C. 


Sun’s zenith distance. 
&.m.| 78.7° | 75.7° | 70.7° | 60.0° | 0.0° | 60.0° | 70.7° | 75.7° | 78.7° Noon. 
Date. Air mass. Local 
time. A.M. P.M time. 


0.71 0.72 0.40) 7.57 
1.17 1.06 0.77| 4.17 
1.01 1.07 0.79| 4.95 
1.01 0. 93 0.66) 4.27 
0. 94 0.95 0.70| 6.76 
0.91 1. 04 0.80| 7.04 
CRA 1.03 0.70| 6.27 
0. 75 0.50; 3.99 
0.80) 0.82) 0. 0.94, 0.67)...... 
+0. 00\—0. 01 aes —0.01)...... 


Ocroser, 1993 
1-—Solar radiation intensities during October, 1928—Continued. 


Madison, Wis. 


Sun’s zenith distance. 


8 a.m.| 78.7° | 75.7° | 70.7° | 60.0° | 0.0° | 60.0° | 70.7° | 75.7° | 78.7° INoon, 


Date 75th Air mass. Local 
mer. 
time. A.M P.M. ies, 

e. | 5.0 | 40 | 3.0 | 2.0 | #10] 20 | 3.0 | 40 | 50] e 
mm. | cal. | cal. | cal. | cal. | cal cal. | cal. | cal. | mm. 

Departures.....|......|...... +0. 07/40. 09/+-0. 10)... +0 


1.49) 1.34) 1.21) 1.08} 0.98) 3.63 
1.09} 1.22) 1.39) 1.53) 1.37] 1.21) 1.09] 0.98) 2.87 
1.04) 1.17} 1.31) 1.47] 1.28) 1.12] 0.99] 0.85] 4.17 
3.99, 0.89) 0.99) 1.11) 1.291 1.50] 1.27) 1.00] 0.95| 0.83) 4.95 
1.30} 1.44 1.60 1.45) 1.24) 1.16) 1.05) 2.87 
2.87; 0.97 1.11) 1.26) 1. 44 3.30 

(0.93)! 1.04) 1.21) 1.35) 1.53, 1.33 1.15} 1.05) 0.94)...... 

Departures.....|.....- +0. 03'+0. +0. +0.07 +0. 07) +0. 11)+0.11)...... 

* Extrapolated. 


TaBLE 2.—Solar and sky radiation received on a horizontal surface. 


A daily depar-| Excess or deficiency 
Welk Average daily radiation. | “Sire for the week. since first of year. 
begin- 

ning. | Chi- | Wash-| Madi-| Lin- | Wash-| Madi-| Lin- | Wash-| Madi- | Lin- 
cago. jington.| son. | coln. jington.| son. | coln. |ington.| son. | coln. 

cal. cal. cal. cal. cal. cal. cal. cal. cal. cal. 
Oct. 1...| 264 396 323 +69) —56 |—3,823 | —665 | —3,050 
8...) 266 333 252 320 | +25 —2 —4 |—3,645 | —677 | —3,077 
15... 147 247 176 320; —40| —49| +28 |—-3,922 |—1,023 | —2,88l 
_ 177 198 169 266 —67 | —35 +5 |—4,394 |—1, 270 —2, 847 
29... 156 249 217 241 +2) +31 —2 |—4,382 |—1, 054 —2, 860 


WEATHER OF NORTH AMERICA AND ADJACENT OCEANS. 


NORTH ATLANTIC OCEAN, 
By F. A. Youne. 


The average pressure for the month varied consider- 
ably, as compared with the normal, at a number of land 
stations on the coast and islands of the North Atlantic, 
as shown by the following figures: 

The barometric readings are in inches, made at 8 a. m., 
75th meridian time, and the departures are approximate, 
as the normals were taken from the Pilot Chart. 

St. Johns, Newfoundland, mean 30.04, departure +0.11. 
Nantucket, 30.08, +0.05. Hatteras, 30.09, +0.05. 
Key West, 29.96, —0.01. New Orleans, 30.03, +0.02. 
Swan Island, 29.82, —0.09. Turks Island, 29.97, +0.02. 
Bermuda, 30.06, +0.01. Horta, Azores, 30.12, +0.01. 
Lerwick, Shetland Islands, 29.35, —0.43. Valentia, Ire- 
land, 29.72, —0.19. London, 29.73, —0.18. | 

It can be seen from these figures that while the average 
pressure was practically normal in the Azores and Ber- 


mudas, it was very much below in northern Europe. 
The Icelandic Low was unusually deep, causing turbulent 
ot along the European coast, north of the 50th 
parallel. 

Taking the ocean as a whole, October was an unusu- 
ally stormy month. There were a number of disturb- 
ances of tropical origin, that are described elsewhere In 
the Review, and the eastern section was swept by one 
gale after another, while along the American coast the 
number of days with heavy winds was also above the 
normal, 

Fog was unusually prevalent over the Grand Banks, 
where it was observed on from 14 to 15 days during the 
month. According to reports received the number of 
days on which it occurred over the remainder of the 
ocean did not differ materially from the normal as shown 
on the Pilot Chart. 

Charts VIII and IX er the conditions on the Ist 
and 2d, respectively, with the location of the disturbance 
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that was first reported in the vicinity of the Bahamas on 
September 25, the track being: shown by Charts VIII to 

I for that month. The following storm logs give an 
idea of its intensity after reaching northern waters: 

Dutch S. S. Mijdrecht: 

Gale on September 30, wind SW. Lowest barometer 29.19 
inches on the Ist, wind S., 12, in latitude 40° 20’ N., longitude 58° 48’ 
Ss on the 2d, wind W. Highest force of wind 12, SW.; shifts 

British cable S. S. Faraday: 

Gale began on September 30, wind ENE. Lowest barometer 28.86 
inches at 8 p. m. on the Ist, wind NE., in latitude 45° 33’ N., longitude 
61° 18° W. End on the 2d, wind NW. Highest force of wind 10, 
WNW.; shifts NE.-NNE. 

On the 3d and 4th an area of low pressure covered the 
North Sea and on the former date northerly to westerly 
gales prevailed off the British coast. Storm log: 

British S. S. Demerara: 

Gale began on the 3d, wind N. Lowest barometer 30.08 inches at 
noon on the 3d, wind N., 7, in latitude 35° 17’ N., longitude 11° 35’ 
W. End on the 4th, wind N. Highest force of wind 8; shifts NNW.-N. 

From the 5th to the 7th moderate weather was the 
rule, over the ocean as a whole. The American S. S. 
President Roosevelt reported a moderate SW. wind at the 
Greenwich mean noon observation on the 7th; this in- 
creased to gale force later in the day, as shown by follow- 
ing storm log: 

Gale on the 7th, wind SW. Lowest barometer 29.55 inches at 
8p. m. on the 7th, wind SW., 10, in latitude 47° 47’ N., longitude 36° 28” 

. Endatla.m.onthe 8th. Highest force of wind 10; shifts SW.-N. 

From the evening of the 7th until the 9th moderate 
northeasterly gales, accompanied by mc: rte high 

ressure, were reported from a ted area east of 

arleston. Storm log: 

American S. S. Sabine Sun: 

Gale began on the 7th, wind NE. Lowest barometer 30.10 inches at 
7:30 p. m. on the 7th, in latitude 32° 11’ N., longitude 78° W. End at 
11:30 p. m. on the 8th, wind NE. Highest force of wind 8; steady NE. 

On the 8th there was a well developed depression cen- 
tral near latitude 55° N., longitude 27° W.; this moved 
swiftly eastward and on the 9th the center was near Ler- 
wick, Shetland Islands, where a barometric reading of 
28.48 inches was recorded. Storm log: 

British 8. S. Turcoman: 

_Gale began on the 8th, wind NW. Lowest barometer 28.91 inches, 
wind NW., 5, in latitude 56° 16’ N., longitude 27° 50’ W. End on the 
9th, wind W. Highest force of wind 9; shifts WNW.-NW.-W. 

From the 9th to the 12th low pressure prevailed in the 
Caribbean Sea and vessels in the Gulf of Mexico experi- 
enced northeasterly to easterly gales. Storm log: 


American S. S. Oswego: 


Gale began on the 8th, wind NE. Lowest barometer 29.84 inches 
at 4p. m. on the 9th, wind NE., in latitude 28° 23’ N., longitude 93° 
a. . End on the 13th, wind ENE. Highest force of wind 7; shifts 


On the 9th a Low appeared near latitude 36° longi- 
tude 50°; this drifted slowly northward, gradually 
filling in, and had practically disappeared by the 12th. 
Storm log: 

American S. S. Nile; 

Gale began on the 9th, wind SSW. Lowest barometer 29.59 inches 
at 4p. m. on the 9th, wind variable, 3, in latitude 36° 21’ N., longitude 
51° 11’ W. End on the 9th, wind NNE. Highest force of wind 9, 
NNE.; shifts WSW.-W.-WSW. 

From the 10th to 16th low pressure continued in the 
North Sea, although no storm reports were received from 
vessels in these waters. 
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On the 13th there was a disturbance central near 
latitude 45°, longitude 37°, that during the next 24 
hours moved rapidly southeastward, and on the 14th was 
central near the Azores, where it remained practically 
stationary until the 17th; it then curved toward the 
northeast, and on the 19th and 20th was over the British 
Isles. Storm logs: 


British S. S. Alexandrian: 


Gale began on the 13th, wind NW. Lowest barometer 29.16 inches 
at 11.30 a. m. on the 13th, wind NW., in latitude 45° 40’ N., longitude 
< agi had an on the 14th, wind NE. Highest force of wind 9, N.; 

ts oN. 


British S. S. San Leopoldo: 


_ Gale began on the 14th, wind ESE., 7. Lowest barometer 29.48 

inches at 4a. m. on the 15th, wind E., in latitude 43° 40’ N., longitude 

pet 43 ¥: _ on the 17th, wind N., 6. Highest force of wind 10; 
ts 


Danish S. S. Alexandria: 


Gale began on the 19th, wind NW. Lowest barometer 28.86 inches 
at 11 a. m. on the 19th, wind NW., 8, in latitude 58° 35’ N., longitude 
14° 47’ W. End on the 21st, wind SSE. Highest force of wind 11; 
shifts NW.-SSE. 


From the 15th to 19th winds of gale force were again 
encountered in the Gulf of Mexico, due to a tropical 
disturbance that will be described elsewhere in the 
Review. Storm logs: 

American S. S. Corning: 

Gale began on the 15th, wind E., 7. Lowest barometer 29.14 inches 
at 7 p. m. on the 15th, wind ESE., 10, in latitude 27° 45’ N., longitude 
91° 15’ W. End on the 16th, wind SW. Highest force of wind 11; 
shifts E.-ESE.-SE.-SW. 

British S. S. Mitra: 

Gale began on the 16th, wind SE. Lowest barometer 29.68 inches 
at 3 a. m. on the 16th, wind SE., 7, in latitude 27° 10’ N., longitude 
88° 20 W. End on the 17th, wind SE. Highest force of wind SE., 8; 
shifts SE.-SSW. 


American S. S. Muskogee: 


Gale b on the 15th, wind ESE. Lowest barometer 29.56 inches 
on the 17th, wind §., in latitude 27° N., longitude 91° 08’ W. End on 
the 19th, wind NNW. Highest force of wind 9, NNW.; shifts S.-SSW. 

On the 17th the Japanese S.S. Hayo Maru encountered 
heavy southwesterly winds near Jamaica, although the 
vessel was too far from the center of the Low to experi- 
ence any rapid shift of wind, as shown by following 
storm log: 

Gale began on the 17th, lowest barometer 29.75 inches at 4 a. m. 
on the 17th, wind SW., 6, in latitude 12° 51’ N., longitude 78° 15 W. 
End at 4 p. m. on the 17th. Highest force of wind 8, WSW., between 
WSW.-SSW. 


On the 16th still another disturbance of tropical origin 
was central near latitude 27°, longitude 60°; this moved 
northward, passing east of Bermuda, and on the 19th 
was apparently near Portland, Me. Storm logs: 

American S. S. Frank A. Morey: 


Gale began on the 16th, wind 8. Lowest barometer, 29.50 inches 
at 4 p. m. on the 16th, wind SSW., in latitude 28° 30’ N., longitude 
59° 40’ W. End on the 17th, wind SW. Highest force of wind 9, 
SSW.; shifts S.-SW. 


American S. 8S. Wildwood: 


Gale began on the 17th, wind SSE. Lowest barometer 29.79 inches 
at 4 p. m. on the 17th, wind SSE., in latitude 31° 38’ N., longitude 
57° 14’ W. End at 5 p. m. on the 17th, wind SW. Highest force of 
wind 9, SE.; shifts SSE.-SSW. 


American S. S. Santa Isabel: 


Gale began on the 18th, wind NE, Lowest barometer 29.15 inches 
at 8 p. m. on the 18th, wind NE., 10, in latitude 40° 10’ N., longitude 
69° 38’ W. End at 11:35 4 m. on the 18th, wind SW. Highest force 
of wind 10, SSE.; shifts NE-SE-S-SW-W. 
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Charts X to XV show the conditions from the 22d to 
the 27th, inclusive, when from the 22d to 24th a tropical 
disturbance invaded the Atlantic coast of the United 
States, the storm area extending as far north as Nan- 
tucket on the latter date, while from the 23d to 27th the 
eastern section of the ocean was swept by violent gales. 
Storm logs: 


American S. S. D. G. Scofield: 


Gale began at 4 p. m. on the 21st, wind NNE. Lowest barometer 
29.70 inches at 2 p. m. on the 23d, wind NE., 8, in latitude 38° 30’ N., 
longitude 73° 50’ W. End at 6 p. m. on the 23d, wind NE. Highest 
force of wind 11, NE.; wind from NNE.-NE. 


American S. S. Sinsinawa: * 


Gale began on the 22d, wind NE. Lowest barometer 29.75 inches at 
midnight on the 22d, wind NE., in latitude 39° 18’ N., longitude 72° 
or “— on the 23d, wind NE. Highest force of wind 9, NE.; 

Vv 


American S. S. Miller County: 


Gale began on the 23d, wind NE. Lowest barometer 29.77 inches at 
5 a. m. on the 23d, wind NE., 9, in latitude 38° 48’ N., longitude 75° 
Ol’ W. End on the 24th, wind NE., 7. Highest force of wind 10, 
NE.; steady NE. 


American S. S. Minnequa: 


Gale began on the 23d, wind NW. Lowest barometer 29.46 inches 
at 3 p. m. on the 23d, wind NW., in latitude 49° 30’ N., longitude 28° 
Ww. Fond on the 28th, wind NW. Highest force of wind 10, NW.; 
shifts not given. 

American S. S. Balsam: 


Gale began on the 23d, wind NW. Lowest barometer 28.68 inches 
at 10 p. m. on the 26th, wind NW., 10, in latitude 51° N., longitude 
19° W. End on the 27th, wind NW. Highest force of wind 10, NW.; 
shifts NW.-NE.-NW. 


British S. S. Camito: 


Gale on the 26th, wind WSW. Lowest barometer 29.63 inches 
on the 26th, wind NNW., 9, in latitude 40° 40’ N., longitude 25° 20’ 
W. End on the 27th, wind N. Highest force of wind, 9, NNW.; 
shifts NW.-N.-NNE. 


British S. S. Devonian: 


Gale on the 26th, wind S. Lowest barometer 28.56 inches 
on the 26th, wind §., 7, in latitude 51° 32’ N., longitude 18° 07’ W. 
End on the 29th, wind NW. Highest force of wind 10; shifts SSW.- 
NNW (12 points). On the 27th wind backed to S., 8, after blowing 
hard spe NW., 10. Remarkable fluctuation of the barometer was 
noticed. 


American S. S. West Celina: 


Gale began on the 26th, wind WSW. Lowest barometer 28.51 inches 
at 9 a. m. on the 27th, wind SSW., 6, in latitude 51° 15’ N., longitude 
4° W. End on the 28th. Highest force of wind 9; shifts SSW.-W. 

On the 27th there was a well defined Low central near 
latitude 46° N., longitude 48° W.; this moved rapidly 
northeastward and on the 31st was in the vicinity of 
Ireland. 

On the 28th and 29th a large storm area covered the 
central part of the ocean and a few reports were received 
denoting moderate gales on the 28th near the 10th 
meridian, west longitude, between the 35th and 50th 
parallels. 

On the 30th the stormy weather was confined to the 
region between the 48th and 58th parallels and the 15th 
and 27th meridians. 

On the 3ist although there was no well-developed dis- 
turbance, several vessels in widely scattered localities 
reported gales. Storm logs: 


British S. S. Ariano: 


Gale began on the 28th, wind N. Lowest barometer 28.65 inches 
at 2 p. m. on the 28th, wind N., 8, in latitude 53° 20’ N., longitude 
43° 1 W. End on the 29th, wind NNW. Highest force of wind 9; 
steady N. 
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American S. S. Docket: 


_ Gale began on the 28th, wind SW., 5. Lowest barometer 29.99 
inches at 8 a. m. on the 28th, wind SW., 8, in latitude 35° N., longitude 
a 3 at 8 p. m. on the 28th, wind N. Highest force of wind 8: 

ts SW-N. 


British S. S. Caledonian: 


Gale began on the 28th, wind SW. Lowest barometer 28.75 inches 
at 7 a. m. on the 29th, wind WSW., 7, in latitude 54° 16 N., longitude 
27° 15’ W. End on the 30th, wind W. Highest force of wind 9: 
shifts SW.-WSW.-W. 


British S. S. Galtymore: 


Gale began on the 29th, wind SSW. Lowest barometer 28.59 inches 
at 4 a. m. on the 30th, wind SW., 8, in latitude 58° 20’ N., longitude 
17° 30’ W. End on the 3lst, wind W. Highest force of wind 10: 
shifts SW.-W. 

On the 3ist the American S. S. Montgomery City 
encountered a northeasterly gale near the Azores, 
Storm log: 

Gale began on the 3lst, wind ENE. Lowest barometer 29.66 inches 
at 6 a. m. on the 3lst, wind ENE., in latitude 36° 31’ N., longitude 
28° 08’ W. End on November 1, wind NNE., 8. Highest force of 
wind 8, NNE.; shifts WNW.-ENE. 

On the 3ist at Greenwich mean noon, the American 
S. S. Coelleda reported a moderate SSW. wind that after- 
— developed into a gale as shown by following storm 

og: 

Gale began on the 3lst, wind SSW. Lowest barometer 30.05 inches 
at 8 a. m. on the 31st, wind SSW., 7, in latitude 40° 35’ N., longitude 


63° 30’ W. End on November 2, wind SSW. to N. Highest force of 
wind 10, SSW.; shifts SSW.-WNW. 


NORTH PACIFIC OCEAN. 
By Witus E. Hurp. 


Rough weather set in unmistakably over the northern 

ortion of the North Pacific Ocean during October, 
ollowing the premonitory gales that swept these waters 
during the last decade of snes oly hroughout the 
month the Aleutian Low surged backward and forward 
with intense energy along the 55th parallel, its centers of 
action being generally well developed to the eastward 
or to the westward of the Alaskan Peninsula. In the Gulf 
of Alaska especially, and to the southward, terrific bursts 
of weather occurred on several dates, and shipping was 
buffeted about by — gales to hurricane winds and 
mountainous seas. In the Far East tropical storm con- 
ditions occurred, and full hurricane winds were encoun- 
tered on the 10th and 11th by vessels to the southward 
and eastward of Japan. 

The North Pacific H1cH was generally well developed 
during the month, and no depressions seem to have devel- 
oped in low latitudes within the extent of its usual area, 
although low pressure on several days, more particularly 
on the 11th, extended far southward from the Aleutian 
center. 

The barometric distribution over the eastern part of the 
ocean was thus characterized by extraordinarily low 
pressure in the vicinity of the Aleutians and by hit 
pressure in the near-by region of Midway Island. e 
average pressure at Dutch Harbor, which may be taken 
to represent the Aleutian region, was 29.29 inches (p. m. 
observations), or 0.41 inch below the normal. So far as 
available records show, this is the lowest pressure that has 
been recorded at Dutch Harbor in the month of October. 
Previous low values, in a record more or less fragmen- 
tary prior to 1916, are as follows: 1922, 29.48 inches; 
1914, 29.56 inches; 1885, 29.41 inches. Readings recorded 
at the p. m. observation show that the barometer rose t0 
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normal or above on but two days during the month. An 
may be made between pressure 
at Dutch Harbor and at Lerwick, Shetland Islands. At 
Lerwick the average for the month, based on 1 P- m. 
observations, was 29.35 inches, or some 0.43 inch below 
the normal. Thus the departures at the two stations 
were practically identical. The highest pressure recorded 
at Dutch Harbor, considering both a. m. and p. m. 
observations, was 29.82 on the 26th and 27th; the lowest, 
28.56, on the 12th. Absolute range, 1.26 inches. At 
Midway Island the average pressure, based on p. m. 
observations, was 30.10 inches, or 0.08 inch above the 
average. This is the highest pressure recorded in Octo- 
ber since the beginning of observations in 1912. The 
highest reading, 30.26, was recorded on the 31st; the low- 
est, 29.80, on the 11th. The average pressure fall from 
Midway Island to Dutch Harbor in October is 0.32 inch, 
in a distance of 1,653 nautical miles, but in the month 
under consideration it rose to 0.81 inch. At Honolulu 
pressure was practically normal at 30 inches. The high- 
est reading, 30.09, was recorded on the 14th; the lowest, 
29.83, on the 11th. 

At Honolulu the average wind velocity for October 
was 9 miles an hour, which is the highest for the month, 
excepting October, 1915, since the establishment of the 
station. The last five days were exceptionally windy, 
and the highest velocity for the month, 35 miles from the 
northeast, occurred on the 27th. 

As gathered from the available records, two typhoons 
appeared over Oriental waters during the month. Our 
only information concerning the first appears in the 
report of the British S. S. Tascalusa as a transcription of 
messages received by that vessel. This typhoon was 
first reported on September 26, in latitude 20° N., longi- 
tude 130° E., moving northwestward. On October 1 its 
center was reported as being near 27° N., 124° E., moving 
slowly west-northwestward, condition violent. On the 
2d it moved inland between Wenchau and Foochow. On 
the same day rough weather occurred north of Taiwan 
(Formosa), and strong northerly winds covered the Yel- 
a Sea, caused by the powerful anticyclone over northern 

ina. 

On October 7 a typhoon was reported to the eastward 
of the Philippine Islands. One vessel, the American S. S. 
Salina, came within its influence in 15° 45’ N., 129° 20’ E., 
experiencing west-southwesterly to southerly winds, 
highest force 8, lowest pressure 29.42. On the 8th it lay 
somewhere to the eastward of the Riu-Kiu group of 
islands, the 8 p. m. observation at Naha showing the 
wind to be northeast, force 7, pressure 29.34. The 
American S. S. West Carmona, eastward bound from 
7 7 while in latitude 22° 12’ N., longitude 121° 
21’ E., on this date, oxperscnnes a north-northeasterly 
wind, force 11, lowest observed pressure 29.56 inches. 
No information is at hand concerning the progress of the 
storm on the 9th, but on the 10th and 11th several vessels 
in Japanese waters reported strong cyclonic conditions. 

On the 10th the Japanese S. S. Kinkasan Maru, in 
33° 35’ N., 136° 06’ E., experienced northeasterly to 
northwesterly gales, force 10, lowest pressure 29 inches. 
The American S. S. President Mc Kinley, in 35° N., 141° 
K., experienced a south-southwesterly gale, force 9, low- 
est pressure 29.39. The Japanese S. 5S. Kiyo Maru en- 
countered similar weather, beginning with a south- 
easterly gale and falling barometer at 8 a.m. At 2p. m. 
the observed pressure was at its lowest, 29.20 inches, 
highest wind force, 10 from the north, in 38° 15’ N., 
151° 15’ E. The Japanese S. 8. Oridono Maru reported a 
northwesterly gale, force 10, lowest pressure 28.82, in 
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33° 10’ N., 135° 35’ E. The American S. S. Bakersfieid 
experienced a gale from the north, force 11, pressure 
28.90 inches, in 35° 02’ N., 136° 49’ E. The Norwegian 
S. S. Luise Nielsen seems to have been among the most 
heavily involved in this storm. She first ran into an 
east-northeasterly gale, force 10, but later ran into a full 
hurricane wind from the west, lowest pressure 28.48 
inches, in 34° 33’ N., 138° 58’ E. The American Army 
transport U. S. Grant, eastward bound, likewise encoun- 
tered the hurricane winds, the shifts being from south- 
southwest to northwest, highest velocity 12, SSW., lowest 
pressure 29.01, in 38° 02’ N., 153° 08’ E. Stormy 
weather was also experienced simultaneously as far 
north as the 45th parallel and as far east as the 175th 
meridian of east longitude. ' 

Strangely enough, similarly intense conditions pre- 
vailed over a considerable portion of the northeastern 
part of the ocean on the same dates—10th and 11th— 
and extending into the 12th, thus practically sweeping 
the entire northern route with a chain of gales that at 
times, both east and west, attained the maximum force. 

Of the more northern storms that appeared over the 
waters to the westward of the 180th meridian during the 
month, those of the 3d and 4th, and the 25th, were the 
most important. 

The American steamships canes and West Cayote 
were involved in the disturbance of the 3d and 4th near 
latitude 45° N., longitude 155° E. The West Cayote, 
westward bound, during four hours on the 3d observed 
shifts of the wind from east through south to west- 
northwest, highest force 10 from the west-southwest, 
lowest pressure 29.18. The highest wind observed by 
the Bakersfield was 9 from the west, lowest pressure 29.22. 

On the 25th the American S. S. Dewey, Portland 
toward Yokohama, during a voyage in which a con- 
siderable amount of rough weather had already been 

assed through, ran into a southeast gale, force 11 
owest pressure 29.58 inches, in latitude 46° 40’ N., 
longitude 160° 20’ E. 

East of the 180th meridian, in higher latitudes, the 
weather seems to have been somewhat rougher than to 
the west of it, owing to the more frequent eastward bear- 
ing of the Aleutian center of action. 

The following vessels reported heavy weather in the 
northern part of the Gulf of Alaska: American S. S. 
Dellwood: Gales between the 61st to 58th parallels, 146th 
to 138th meridians, on the 2d to 6th, highest wind force 
11, from the east-northeast, on the night of the 4th—5th, 
lowest pressure 29.54. On the 18th to the 23d, heavy 
rain squalls near 60° N., 146° 30’ W., with frequent 
easterly to southeasterly gales, highest force 10, lowest 
pressure 29.50, on the 23d. American S. S. North- 
western: In port at Cordova and Latouche, on the 12th 


and 13th: “Heavy wind and rain aqnents attaining hur- 
ricane force from the SE. at times; lowest pressure 28.89 
on the 13th.” 


Near the 50th parallel reported gales and pressures 
below 29 inches began with the 3d es continued through 
two-thirds of the month. Some vessels noted several 
gale periods during a passage, and others told the story 
of continuous bufietings about by wind and wave for 
days at a time. Prior to the 10th only one vessel re- 
orted gales of force higher than 10. That was the 
Japanese S.S. Ayaha Maru which, on the 9th, in latitude 
20’ N., longitude 149° 35’ W., ran into the teeth of 
a southeaster, force 11, pressure 28.90 inches. Duri 
the week which ended on the 10th the lowest observe 
ressures were 28.56 inches, read on board the American 
BS. West Niger, in 50° 35’ N., 167° 20’ W., and 28.64 
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inches, on board the Canadian S. S. City of Victoria, in 
51° 40’ N., 167° 54’ W., both on the 6th. The lowest 
ressure reported by a land station in the Gulf of Alaska 
emng Ss period was 28.74 inches, at Kodiak, p. m. of 
the 4th. 

The most intense manifestation of the Aleutian Low 
was that which began on the 10th and extended far to 
the southward on the 11th and 12th. On the 12th, hur- 
ricane wind velocities and extraordinarily low pressures 
developed, centering very nearly about latitude 50° N., 
longitude 149° W., and extending for several degrees in 
all directions. The point given was the scene of lowest 
barometer, 27.89 te (uncorrected), read on board the 
American S. S. City of Spokane, Manila toward Seattle. 
Said the observer, Mr. G. van Haute: 


From 29.07, noon on 11th, barometer fell rapidly with wind increas- 
ing from easterly, until 3 a. m. 12th, barometer was 27.89, wind ESE., 
force 10. During the gale wind shifted continuously between NE. 
and SSE., tremendous sea running. 


The pressure read from the barometer of the Japanese 
S.S. Ayaha Maru, about 30 miles to the westward of the 
City of Spokane’s position, was 27.91 (corrected), at 2:30 
a. m. of the 12th, a a southeast hurricane. Later 
in the day the wind shifted to southwest, still blowing 
with hurricane force, but soon moderating. 

During the 12th the American S. S. Buford, Capt C. 
Noren, bound from San Francisco toward Nome, was in 
latitude 52° 40’ N., longitude 149° W. The observer, 
Mr. C. F. May, made the following note: 


From 4 a. m. to 6 a. m. barometer lowest at 28.45 prance. SE. 
hurricane. Vessel hove to from 6:05 to 9:50 a. m. Helm would not 
answer. Hove to again until 10:52 a. m.; 8 a. m. barometer started 
to rise; wind SE. 9; sea phenomenal. At 12 noon barometer 28.83 
and still rising; wind SE. 6; high rollers with steep front. 


In 51° 38’ N., 145° W., the American S. S. Dewey, 
westward bound, encountered a whole gale from the 
south-southeast during the morning hours, lowest pres- 
sure 28.74 inches. The American 8S. S. West Jessup, at 
1 a. m. of the 12th, while in 51° 51’ N., 145° 17’ W., 
experienced a southeasterly gale, force 10, lowest pressure 
28.57 inches. 

On October 15 at 8 p. m. a storm center appeared near 
50° N., 135° W., and entered the Washington coast dur- 
ing the night. The Japanese S. S. Ayaha Maru, at 8 
p. m. of the 15th experienced a northwesterly gale, force 
9, in 48° 52’ N., 133° 50’ W., with an accompanied pres- 
sure as low as 28.61 inches. The Weather Bureau sta- 
tion at Tatoosh Island recorded a maximum velocity of 
65 miles from the southwest, lowest pressure 28.97 inches, 
during the early morning of the 16th. This station dur- 
ing the entire month had 10 days with wind velocities 
equalling or exceeding 40 miles an hour. 

Under date of October 22, the San Francisco (Calif.) 
Examiner reported the arrival in port of the Japanese 
freighter Atlas Maru, after an 8-day battle with storm 
winds which began wien the vessel was about 2,000 miles 
from San Francisco. This item alone bespeaks the tur- 
bulent conditions which ane over the northeastern 
Pacific during that period. 

On the 23d the American S. S. President | Madison ex- 
—— a gale the maximum force of which was 10 
rom the west, in 50° 05’ N., 179° 05’ W., lowest pres- 
sure 29.38. 

At this time the energy of the Aleutian Low was shift- 
ing into east longitudes, and thenceforth to the end of 
the month only moderate gales occurred to the eastward 
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of the 180th meridian. At the close of the month high 

ressure covered the greater part of the ocean in middle 
atitudes, and low pressure was central over western 
Alaska and Bering Sea. 

In tropical latitudes of the eastern Pacific gales were 
reported upon several occasions, some associated with 
low and some with high pressure. On the 5th and 6th, 
while a shallow Low occupied the region of western Mex- 
ico and adjacent waters, the French S. S. Tezas, south- 
ward the | ran into a northeasterly Bare, force 9, lowest 
pressure 29.62, in 19° 14’ N., 105° 20’ W. On the morn- 
ing of the 6th the wind chaniget to south-southwest and 
diminished. The American S. S. Cecil County, in 17° 
37’ N., 104° 05’ W., on the 5th, experienced an easterly 
gale, force 9, with accompanying rough, confused seas. 

From the 11th to the 16th gales occurred off Champe- 
tico and in neighboring waters, a south wind, force 7, 
being reported as far south as 11° 19’ N., 90° 20’ W., 
pressure 29.82 inches, on the 16th. The highest force 
observed during the period was 9 from the west-north- 
west, lowest pressure 29.74 inches, noted by the American 
S. S. Corinto while in port at Champerico, on the 16th. 
On the 16th and 17th a southwest gale, force 8, was ex- 
perienced by the American S. S. E. L. Doheny III, while 
off Bone Island, Panama. The same vessel on the 21st 
ran into a strong northerly gale, force 9, in the Gulf of 
Tehauntepec. 

There seems to have been less fog over the ocean than 
during September. However, it was observed on 13 da 
over that prchen of the sailing routes in east longitude, 
extending between the 40th and 50th parallels, and the 
160th and 180th meridians. Fog was reported for 6 days 
outside of San Francisco Harbor, and on 4 days near 
50° N., 140° W., thence southeastward to the coast. 


NOTE, 


The American S. S. Levant Arrow, Capt. P. Muller, 
Observer Robert Brodel, Panama toward San Francisco, 
reported the following: 


Wa ut October 16, 9 a. m., latitude 17° 35’ N., longitude 103° 
15/ W. Sighted on our beam N. 26 E., 4 miles off, a whirl of water; and 
about 2 minutes later a small waterspout began to descend very rapidly 
from a cumulo-nimbus cloud. While descending to a visible contact 
with the whirl, it grew to a huge waterspout traveling slowly with the 
cloud eastward, having a 5° incline and dragging the base along until 
it disappeared on our quarter. Wind at the time west, force 3, pressure 
29.82. Weather clear. Over the coast heavy clouds forming. 


CYCLONIC DISTURBANCES IN THE SOUTH PACIFIC 
OCEAN. 


By Ausert J. McCurpy, Jr. 


Weather reports received from vessels that were in the 
South Pacific Ocean in October, 1923, indicate that 
stormy conditions prevailed off the southern coast of 
Chile and in the vicinity of Raratonga at the beginning of 
the month. 

The British S. S. Corinthic, Capt. Frank Hart, Welling- 
ton toward Montevideo, reports high seas and squally 
weather experienced in latitude 53° 33’ S., longitude 93° 
59’ W., on October 2. Fifth Officer F. G. Rogers states 
that the lowest barometric reading observed was 29.11 
inches (corrected), at 8 a. m., wind NW. by N., force 7; 
shifts N. by W., NW. by N., and NW. backing gradually 
to W. 
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On the same date the British S. S. Comeric, Capt. 
E. N. K. Blackmore, Chief Officer G. A. Fellowes, Cal- 
cutta toward Talcahuano, Chile, experienced very ae 
seas, barometer 29.28 inches (uncorrected), wind SW.‘ 
force 8, in latitude 39° 17’ S., longitude 76° 55’ W. 

On the 4th of October a whole gale was encountered 
by the Panaman S. S. Isonomia, Capt. G. Marcussen, 
ira Harbor toward Sydney, Australia. Second Officer 
E. Biet reports that the vessel experienced high and very 
rough seas. The lowest pressure, 30.12 (uncorrected), 
was observed at 1 p. m., on the 4th, in latitude 31° 07’ 
S., longitude 157° 15’ E., wind SW., force 8. Gale ended 
on the 5th, wind SW. Highest force of wind 9. 


SIX OR SEVEN TYPHOONS IN THE FAR EAST DURING 
SEPTEMBER, 1923. 


By Rev. Jos# Coronas, 8. J. 
{Weather Bureau, Manila, P. I.] 


It is much to our regret that weather telegrams from 
Japan, and consequently from the Bonin and the Loo- 
choo Islands, have been missing since the disastrous 
Tokio earthquake of September 1. Hence, the existence 
of one of the typhoons of this month is given as doubtful 
and parts of the tracks of other Pacific typhoons can not 
be given as accurately as in the previous months. 

acific typhoon of September 2 to 12.—Lack of obser- 
vations from the Bonins and the Loochoos makes the 
track of this typhoon not altogether certain. If the 
typhoon follower the track as it is deduced from our 
incomplete daily weather maps, we must consider such 
a track as very peculiar and most abnormal. The 
Lager appeared on the 2nd to the ENE. of Guam, in 
about 148° longitude E. and near 15° latitude N. It 
moved northwestward until the 5th, then due west on 
the 5th and the 6th in about 22° latitude N.; on the 7th, 
when near 130° longitude E., it recurved sharply to SE. 
and S., ny practically this southerly direction on 
the 18th; finally on the 9th and 10th it inclined again 
westward between 17° and 19° latitude N., at the same 
time decreasing in intensity. On the 11th it was only 
a low-pressure area covering the northern part of Luzon. 

Japan’s typhoon, September 15.—This typhoon was 
shown in our weather maps of the 7th to 9th in the 
neighborhood of the northern Ladrone Islands not far 
from 147° longitude E. and 19° latitude N. It recurved 
to Japan between the Loochoos and the Bonins and 
reached the southern coast of Japan to the SE. of Kobe 
on the 15th, moving probably to NE., although it was 
inclining still more to the E. We are able to follow this 
part of the track from observations made on board the 
steamer Steel Navigator to the east and south of the 
track, and on board the steamers President Mc Kinley 
and President Wilson to the north and west of same. 
The latter two steamers were anchored at Kobe. The 
lowest barometric readings observed in these steamers, 
ae situated about 100 miles from the center, were 
as follows: 
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Steamers. Position. Barometric minimum.! Winds. 


Steel Navigator | 31° 15’ lat. N., 137° | 28.93 ins., 734.81 mm.. Vessing from ESE. to 
12’ long. E. ss 


President Me- | At Kobe............ 28.97 ins., 735.84 mm. . Backing from NE. to 
iniey. 
President Wil- |..... A. FARO 29.01 ins., 736.85 mm. . Backing from ENE. to 
son. WNW. 
1 Not corrected for gravity. 


Formosa Channel typhoon, September 12 to 14.—The 
track of this typhoon was very peculiar and abnormal. 
The center appeared for the first time in our weather 
maps of the 11th over the Eastern Sea NE. of Formosa. 
As we have no observations from Japan and the Loochoos, 
it is impossible to ascertain whether the disturbance 
formed over the Eastern Sea or had come from further 
east. On the 12th we could notice that the typhoon 
was moving WSW. or SW.; and on the 13th there could 
be no doubt that it was really moving SSW. through the 
Formosa Channel close to the western coast of Formosa. 
In the early morning of the 15th the center was west of 
Balintang Channel near 118° longitude E. and 20° lati- 
tude N. There was practically no trace of the disturb- 
ance after the 15th. 

Pacific typhoon, September 14 and 15.—Observations 
taken on board the steamer Salina have made it possible 
to mention the existence and approximate track of this 
typhoon. It was moving NW. or NNW. on the 14th and 
recurved northeastward on the 15th near 151° longitude 
KE. and 28° latitude N. The steamer Salina had its 
barometric minimum 29.48 inches (749.03 mm.), not 
corrected for gravity, at 4 p. m. of the 14th, when in 
149° 20’ longitude E. and 24° 35’ latitude N., with a 
strong gale from NNW., high seas and heavy rain squalls. 
While the barometer was rising on the 15th, the winds 
backed from NW. to W. 

Two simultaneous depressions or typhoons, NE. and W. 
+ arg et at the end of September.—It is only approximately 
that we can give the tracks of these two disturbances. 
The one of the Pacific moved very slowly NW. and N. 
about 200 miles east of northern Luzon on the 21st to 
24th or 26th; then it seems to have inclined west toward 
the Batanes Islands, and finally recurved northeastward 
and filled up to the east of southern Formosa on October 
1. The other depression or typhoon of the China Sea 
appeared on the 21st and 22nd about 100 miles west of 
central Luzon and moved very slowly westward, until it 
probably filled up on the 28th near or over the Paracels. 

Besides the above mentioned typhoons of this month, 
the observations of Yap and Guam showed another center 
of typhoon on the 20th to 22nd moving probably west- 
ward from the northern part of the Ladrone Islands. It 
is impossible with the data at hand to decide whether 
the typhoon filled up in the Pacific or went on recurving 
toward Japan. 

Observations from Formosa and Basco (Batanes 
Islands) seem to show another atmospheric disturbance 
to the east of southern Formosa and south of the Loochoos 
on September 12th to 14th, but we have no means at 
present to ascertain its existence and track. 
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DETAILS OF THE WEATHER IN THE UNITED STATES. 


GENERAL CONDITIONS. 
J. Henry. 


The outstanding feature of the weather of the Continent 
of North America appears to have been the prevailing 
low atmospheric pressure and relatively high tempera- 
ture in high latitudes. (See pp. 529-530.) In the United 
States the center of maximum mean pressure was over 
the Missouri Valley—a natural result of the concentra- 
tion of anticyclones in a group that moved southeastward 
from Montana and adjacent parts of Canada. It seems 
clear that the origin of these anticyclones was mostly 
within the field of observations as shown on Chart No. I 
of this Review. The movement of the anticyc!ones in 
connection with the development and north/northeast 
movement of secondary cyclonic systems (see Chart II) 
will fully account for the heavy rains in Oklahoma and 
the Southwest. 


CYCLONES AND ANTICYCLONES. 
By W. P. Day. 


High pressure prevailed over the Northwestern States 
during a rather large portion of the month and there was 
a corresponding decrease in the number of low-pressure 
areas of the Alberta type. The total number of Lows 
charted was below the normal and the more important 
depressions were of tropical or subtropical origin. In 
general, the movement of air of tropical origin was 
northward over lower middle latitudes instead of the 
normal northeastward flow. This is evidenced by the 
northward or even northwestward trend of the storm 
tracks. 

The HIGHS were about normal in number, but were 
frequently reinforced. For instance, No. VIII appeared 
on the 23d as a North Pacific HIGH and moved eastward, 
was reinforced by an impulse of cold air from the Cana- 
dian interior and immediately took on the characteristics 
of a nicu of the Alberta type and moved southward. 
As soon as this impulse died, the HIGH resumed its east- 
ward movement. Also the high-pressure area which 
continued from the preceding month until the 13th was 
maintained by no less than four reinforcements. 


FREE-AIR SUMMARY. 
By L. T. Samve Meteorologist. 


It may be seen from Table 1 that the average free-air 
temperatures were below normal at practically ail levels 
reached by the kites. In accord with Climatological 
Chart III the region of greatest departures included the 
Broken Arrow and Drexel stations. 

As would be — with negative temperature 
departures relative humidities averaged mostly above 
normal, the largest departures occurring at Broken 
Arrow above the surface. Vapor pressures averaged in 
general below normal except where humidity departures 
were —_ and positive. 

From Table 2 it may be seen that the resultant winds 
for the month differed appreciably from the normal 

articularly at Broken Arrow, Groesbeck, and Royal 
Yenter. The resultant movement of the air ior the 
month as shown by 14 pilot-balloon stations east of the 
Rocky Mountains indicated a westerly drift north of 
latitude 37°, approximately, and easterly south of this 
latitude. At 3,000 m. altitude and above, however, tlie 
resultant direction was westerly at all stations except 


San Juan at which station the westerly drift was found 
at 5,000 m. and above. 

In the section on Storms and Weather Warnings for 
the Washington Forecast District reference is made to 
the continuation of a high-pressure area over the States 
east of the Mississippi River during the first two weeks 
of the month. During the first part of this period pilot- 
balloon observations at Ellendale revealed some rather 
unusual winds aloft which may, it seems, be considered 
as closely related to the sluggish movement of this HiGu. 
From the 2d to the 6th Ellendale was situated, pro- 
gressively, in its eastern, southern, and western quad- 
rants. hen in the eastern quadrant there were found 
northwesterly winds veering to east-northeasterly at 
about 2,500 m. altitude and continuing to 9,000 m. 
These ENE. winds increased steadily in velocity and 
reached nearly 30 m. p. s. at the highest level observed. 
When in the southern quadrant northeasterly winds 
prevailed to 6,000 m. hen in the western quadrant 
on the 5th and 6th, the former date showed north winds 
from 2,000 m. to 7,000 m., while the 6th showed northerly 
winds at 3,000 m., gradually becoming northeasterl 
and continuing so to 10,000 m. These easterly winds 
found at such altitudes indicate a pressure distribution at 
these heights contrary to that normally prevailing. It 
has been found that the surface temperatures for western 
Canadian stations were appreciably above normal for 
this part of the month, while those for Alaskan stations 
were decidedly above for the entire month. The rela- 
tively high temperatures in the northern region would 
account Yor the abnormally high pressure in the higher 
levels over this region and the resulting easterly winds. 

At Groesbeck on the 8th a two-theodolite observation 
showed an easterly wind of moderate velocity extending 
from the ground to 8,500 m. Abruptly at this height it 
veered to westerly and increased in velocity from 3 
m. p. s. at 8,500 m. to 41 m. p. s. at 11,500 m. Above 
this height it again decreased to 24 m. p. s. at 14,000 m., 
the limit of the observation. This easterly wind resulted 
from the great circular nicu central that date over the 
Great Lakes, the sluggish movement of which has already 
been referred to. On the same date Royal Center, 
situated less than 200 miles to the southwest of the 
center of the H1aH, showed east winds to 2,000 m., then 
backing to northwest, the latter increasing to 37 m. p. s. 
at 7,500 m., the top level reached. Easterly winds at 
high altitudes were observed during this ai § at Broken 
Arrow on the 8th and 9th from the ground to 7,000 m., 
and at Memphis on the 9th to 10,000 m. On the 11th 
when this HIGH was centered over the southwestern 
Virginia region the observations at Washington, D. C., 
showed northwesterly winds from the surface to 5,000 
m., above which a sharp backing to easterly occurred 
to 9,000 m., where the observation ended. 

From the 20th to the 24th there was observed over 
the southeastern and eastern sections of the country at 
altitudes above 3,000 m. a strong current from the 
south, with recorded velocities as high as 40 m. p. s. at 
5,000 m. and 6,000 m. During this period a tropical 
storm made its appearance and was moving northward 
along the Atlantic coast waters. When, on the 234, it 
had become centered to the southeast of Cape Hatteras 
and pressure to the north and west was high, ordinarily 
there would have been expected a movement during the 
next 24 hours toward the east or northeast. However, 
with the aerological observations showing the persistent 
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southerly winds aloft, an accurate prediction of the 
storm’s movement with the attendant rain area consid- 
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TABLE 1.—Free-air temperatures, relative humidities, and vapor pressures 


erably to the westward from that usually found was RELATIVE HUMIDITY (%). 
possible. An apparent cause of the upper southerl 
winds may be seen on the weather map of the 20th. It Bron | pres | Dos West Groesbeck,| Royal 
is found that the isotherms extend in a nearly N.-S. Amow: | Nebr. | 8,0.” Tox, |, ae 
direction along the eastern part of the country, so that | (233m) | | m) (141 m.) | (225 m.) 
a morning temperature of 21° C. (70° F.) at Hatteras ‘4 
occurs simultaneously with a temperature of 2° C. ms. Be: De: Pe. De. 
(36° F.) at Nashville on practically the same latitude. (m.) | sean | Iran | 
ith probabl higher te t to th tward pom 
With probably even higher temperatures to the eastwa on. on. 
out at sea it is obvious that a steep east-to-west pressure mean. mean. inean mean mean 
gradient would be set up in the upper air and result in ~— rte TTT 
southerly winds of considerably velocity as were ob- Surface... 
served. 500... + +3 
750...... 64 +7 +5 64] +2 
TABLE 1.—Free-air temperatures, relative humidities, and vapor pressures 1250 rey 
during October, 1923. 1,500... 66) +7 0 
3,000..... 42} +8 2) —15 
Drexel, | Due West, | Ellendale, | Groesbeck, | 3,500....- 42 50) + —21 
De- De- De- De- De- 
ure ure ture ure fare 
Mean fom (Mean from Mean ‘Mean. VAPOR PRESSURE (mb.). 
“a “378 139 165] 104 10. 880.68, 14) 10. 24/0. 6. 78|—-0. 04 18. 33-1. 03 8. 23)-—1. 06 
“os 1111 con 9.75, +0. 08) 6.76|—0.21| 9. 5. 64|—0. 23! 11.90,—0. 29) 6. 72,0. 80 
ool 329 122-12) 9. 10\+0. 36, 6.16}—0.21) 8.4840. 5.17/—0.15, 10, 88)—0. 09) 5.94, —0, 79 
a8 30-291 118 26/+0.44) 5.45/—0.41| 4.70  9.911+0.07, 5. 18) —0. 76 
69! gsi 23-29 2000... 7.09\+1.20, 4. 69/—0.30| 6.39/+0.67) 3.52 8. 45,+0. 83) 3. 98-0. 60 
6.0141.51) 3.38|—0.67| 4.65/4+0.36| 2.57 6.73|+0.75| 2. 99\—-0. 57 
“Tre 39000... 5.42/+1.96) 2.19|—1.01] 4.03/40. 46) 1.85 4.9040. 43) 1.65|—1.17 
-L 1 4 —0.1 —5. 4 0. 2.5) —19 =1.9 +0.1 3,500 seeee 4. 23' +1. 50, 1. 54/—1. 00 3. 64 +0. 76 1,34 4 03) +0, 4 0. 48) 
¥ 4,000... ... 3. 0.86|—1.18) 3.41/+1.00) 1.04 3. 45] +0. 67/...... 
TaBLE 2.—Free-air resultant winds (m. p. s.) during October, 1923. 
Broken Arrow, Okla. Drexel, Nebr. Due West, S.C. Ellendale, N. Dak. Groesbeck, Tex. Royal Center, Ind. 
(233 meters). (396 meters). (217 meters). (444 meters). (141 meters). (225 meters). 
Altitude, 
m.s.1 
nated Mean. 6-year mean. Mean. 8-year mean. Mean. hae Mean. 6-year mean. Mean. 6-year mean. Mean. 6-year mean. 
me 
pir. |vel| Dir. |vel.| Dir. |vel| Dir. ‘Vell Dir va. Dir. |Vel.| Dir. |Vel.| Dir. |Vel.| Dir. |Vel Dir. |Vel.| Dir. 
| 
Surface.....|N.63°E.| 1.3) 2.1/9.22° W.| 1.1/S.29° W., 1.5.N.61° E.| 3.8N.49° E.| 2.4/S.60° W.| 2.7.N. 70°W.| 1. 8\N.57° 2. 01S. 0.7/N. 69°W.| 2.5/3. 48° W.| 2.3 
‘IN 1.4/8, 1° E.| 2.3].....-... ....|N.60° E.| 4.2N.49° 2.6)......... E.| 2.6/S. 1.4.N. 69°W.,| 2. 5|S.48° W.| 2.6 
1.9|S. 7° W.| 3.218.28° W.| i.8|8.32° W.| 2.1N.59° E.| 6.0N.51° E.| 3.6/8.60° 3.6.N. 76°W.| 1.9/8. 87° E.| 3.4/8. 3.3/8.55° W.| 4.5 
1.7/8. 14° W.| 3.9|8.31° W.| 2.6|S. 44° 3.3|N.62° E.| 6.1 N.58° E.| 3.4|S.62° W.| 5.4. N.81°W.| 2.818. 84° E.| 3.2/8. 2,8'N.80°W.| 3.9/S.63° 5.6 
1.0/8. 23° W.| 3.9|S.50° W.| 3.0\S.57° 3.7\N.73° E.| 5.1N.67° E.| 2.51S.63° W.| 5.5 N.80°W.| 3.2'8. 87° E.| 2.5/8. 4.1/8. 68° W.! 6.4 
0.9|S.36° W.| 4.0/8.61° W.| 2.9/8. 63° W.| 4.4/N. 76° E.| 5.3.N.78° E.| 1.9/8. 74° W.| 5.5,N.82°W,| 4. 86° E. 2.1). 2.8.N.66°W.| 5.8/8. 72° W.| 7.4 
1 1.4/S. 45° W.| 4.0)S. 65° W.| 3.3/S. 70° W.) 5.2)N. 75° E.| 86° E.| 0.8/8. 79° 5.8.N.84°W.) 4.7|N.63° 1.3)S. 7.9/8. 77° 8.2 
2 1.4/8. 53° W.| 4.4/S.71° 4. 7/S. 78° W.| 6.9N.57° E.| 4.08.80° W,| 0.9/S.80° W. 6.3.N.81°W.| 6.4/N. 11° E. 1.3/8. 47° W.| 2.7.N.69°W.|10. 4/8. 79° W. 9.4 
2 2. 8|S.67° W.| 4. W. 6. 80° 8. 49° E.) 2.5.5. 88° W. 3, 1,N. 57°W..| 7.4,N. 78°W.) 8.0/S. 85° W.| 0.4/S.57° W. 2.9.N, 70°W./11. 84° Ww. 10.4 
3,000 3.9/S. 72° W.| 5.9/8. 62° W.] 6.4/S. 84° 9.4/N. 50° E.) 1.0S.82° W.) 4. 8/N.89°W.) 8.8 N.80°W.) 9.3/5. 56° 1.0/S.62° W. 3. 4'N. 60°W.| 9. 9/8. 86° W.|11. 2 
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THE WEATHER ELEMENTS. 
By P. C. Day, Meteorologist, in Charge of Division. 
PRESSURE AND WINDS. 


The most important phase of the pressure distribution 
during the month was the persistence of anticyclonic 
conditions over nearly all northern districts, including 
the Canadian Provinces, and a corresponding reduction 
in the number of cyclones entering the United States 
from the far Northwest. R 

The month opened with an area of high pressure domi- 
nating the north-central districts, which persisted with 
more or less strength until after the end of the first 
decade, drifting slowly southeastward toward the end of 
the period. As this anticyclone approached the Atlantic 
coast another entered the far Northwest and pursued its 
easterly course, though with diminishing strength, and 
finally merged with that preceding, which still main- 
tained its identity over the Atlantic coast districts. 

After an interval of a few days, during which moder- 
ately low pressure dominated the Canadian Northwest and 
adjacent portions of the United States, another anti- 
cyclone entered the Pacific States and during the last few 

ays of the second decade overspread the Plateau and 
Rocky Mountain districts, and moving thence eastward 
brought fair and cool weather over all interior and most 
eastern districts during the early part of the third decade. 
As this passed eastward over the St. Lawrence Valley, 
another entered the far Northwest, and with some varia- 
tions in strength and location of center, finally developed 
into an anticyclone of marked importance central over 
the middle Rocky Mountain region by the end of the 
month, attended by unusually low temperatures over the 
districts immediately to the eastward. 

The important cyclones of the month entered the coun- 
try mainly from southern points, and were notably absent 
from the far Northwest, where high pressure greatly 
hindered their entrance from the adjacent ocean. 

No storm of importance covered any material area 
during the first half of the month, although rains were of 
frequent occurrence in the Southern Plains and adjacent 
areas, with local heavy falls, particularly in Oklahoma 
and parts of Texas, New Mexico, and adjacent areas. 

By the middle of the month low pressure had over- 
spread the Texas coast, and during the night of the 15th- 
16th a tropical storm of moderate intensity, more fully 
described elsewhere in this Review, moved inland over 
Louisiana, attended by heavy rains in the lower Missis- 
sippi Valley and more or less precipitation in portions of 
rapi ecreasing energy, and was quickly follow 
from the Gulf sdoving ra idly northward 
nearly the same territory, which likewise brought heavy 
rains over the immediate Mississippi Valley and north- 
ward into the Great Lakes region during the 17th and 
18th, and to most districts to the eastward during the 
following 36 hours. In fact this was the most widespread 
storm of the month and largely ended the droughty con- 
ditions that had persisted more or less generally for sev- 
eral months over the Eastern States. 

During the early part of the last decade of the month 
a tropical storm moved northward from the vicinity of 
the Bahama Islands, and by the morning of the 23d 
rain had set in over the Atlantic coast sections from 
the Carolinas to southern New England, which gradually 
extended westward into the Ohio Valley and lower 
Lake region and thence over the northeastern districts 
on the 24th and 25th, some unusually heavy falls being 
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reported from New England and near-by areas. At the 
same time an area of rain, turning to snow, overspread 
the southern and central Rocky Mountain districts, and 
some unusually heavy snows occurred over portions of 
Colorado and Wyoming. The last half of the third 
decade was mainly without important cyclonic activity, 
although during the last two days precipitation, mostly 
light, however, occurred over much of the country 
from the Great Plains eastward. 

For the month as a whole the pressure was above 
normal in all districts of the United States and Canada 
as far as observations extend, save along the immediate 
Pacific coast of the United States and over a small area 
in the far Southwest. In the middle Plains and adjacent 
areas the monthly means of pressure were unusually 
high for October. 

e changes in pressure from the preceding month, 
which are usually ot small proportions, were everywhere 
positive to a large degree, save for small areas in the 
extreme northeastern, southeastern, and northwestern 
portions of the country, where they were of a small 
negative character. 

side from the high winds associated wit’ the tropical 
storms entering the Middle Gulf States wid along the 
Atlantic coast few severe storms occurred during the 
month. 

On account of the persistence of high pressure over 
the northern districts the winds were mainly from 
northerly points in the districts from the eastern Great 
Plains to the Atlantic coast. Along the immediate 
Pacific coast they were from the northwest, except over 
portions of Washington, where they were easterly and 
southerly, while in the Mountain and Plateau regions 
they were diversified, as usual. 


TEMPERATURE. 


In the absence of important barometric changes and 
due to generally high pressure over northern districts, 
there was little variation in temperature during the first 
decade of the month, though this period was mainly 
cooler than normal from the eastern Great Plains to 
the Atlantic coast, and over the middle and southern 
Plateau and the adjacent portions of the Pacific Coast 
States, the period — quite cold over the Great Lakes 
and nearby areas. Killing frosts occurred over portions 
of the Ohio Valley and to the northeastward, embraci 
areas not previously visited, and some damage result 
to late crops. 

For the week ending the 16th there was a gradual 
rise in temperature over most eastern districts as the 
week advanced, and as a whole temperatures were 
above normal over the eastern half of the country, save 
in portions of the Southeastern States, and it was like- 
wise warm over the northern districts from the Great 
Plains westward. Over the middle and southern por- 
tions of the Plateau and Rocky Mountain regions and 
extending eastward into the southern Great Plains this 
week was mainly colder than normal, with freezing 
weather to the northern portions of Arizona and New 
Mexico. 

The seven-day period ending on the 23d was moder- 
ately warm during the early portion, but cooler weather 
developed as the week advanced, and the average tem- 
perature for the week was below normal over most 
central and southern districts, and severe frosts, the first 
of the season, were reported from Kansas and Missouri as 


well as in the northern portions of the Gulf States, and — 


— weather occurred as far south as Nebraska and 
owa. 
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From the 24th to the end of the month temperatures 
remained below normal in nearly all districts, and at the 
end the coldest weather of the season so far had advanced 
into the Northwest, and temperatures were near zero at 
points in at gg | and surrounding States. The week 
as a whole was colder than normal over nearly all parts of 
the country, but particularly so in the Rocky Mountains 
and Great Plains, where the averages ranged from 10° to 
15° below the normal. Freezing temperatures were 
reported over wide areas in the West, and frosts occurred 
at points near the Gulf Coast and in northern Florida. 

he monthly means of temperature were below normal 
in practically all central and southern districts, except 
along the Pacific coast. Over the middle Mountain and 
Great Plains States and thence southward the tempera- 
ture averages ranged from 4° to 7° below normal, and in 
numerous instances the month was the coldest October 
in 50 years or more. 

Over the more northern districts of the United States, 
and throughout Canada as far northward as reports dis- 
close, the average temperature was above the normal, due 
to the prevailing northward drift of the atmosphere from 
the high pressure area to the southward of the boundary. 

The most important warm periods of the month were 
on the Ist, over the South Atlantic and Gulf States, and 
the middle and southern Great Plains; on the 2d and 3d 
in the far Northwest; and from the 10th to 14th over the 
Dakotas and Iowa and thence eastward to the Atlantic 
coast. 

The most important cold periods were mainly during 
the last decade, notably from the 29th to 31st over the 
Mountain and Plateau districts and thence easterly to the 
Mississippi Valley, where minimum temperatures ranged 
generally below 20°, with extremes of 18° to 20° below 
zero at exposed points in the middle Rocky Mountain 
region, and at many points to the eastward the tempera- 
tures were the lowest ever observed in October. 


PRECIPITATION. 


In general the precipitation for the month was less 
than normal over the districts from the rege River 
eastward, except in portions of the North and Middle 
Atlantic States. Over much of this region there was 
little precipitation prior to the middle of the month, and 
in some of the Atlantic coast and East Gulf States the 
drought had become very severe, and the water supply 
for hydroelectric operations and even for stock and 
household use was in many instances insufficient. This 
condition was partially relieved by the general rains 
about the 16th to 20th, but in some instances per- 
manent relief was not afforded until the heavy rains of 
the 23d to 25th over the northeastern districts. 

Precipitation was markedly less than normal in Iowa 
and to a less extent over Minnesota and portions of 
adjacent States, and there was less than the usual pre- 
cipitation along the Pacific coast, particularly in the far 

orthwest. 

Over the Southern Plains and generally in the Rocky 
Mountain and Plateau States the precipitation was 
nearly everywhere greater than normal, and the falls 
were frequent and particularly heavy in Oklahoma, 
northern Texas, eastern New Mexico, Colorado, portions 
of Kansas and Missouri, and locally in Wyoming, south- 
ern Idaho and eastern Oregon. At individual points in 
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northern Texas, Oklahoma, and adjacent areas the 
monthly precipitation was the greatest of record for 
October and even whole States had averages the greatest 
of record for that month. Monthly amounts in excess 
of 15 inches were measured at points in Oklahoma and 
Florida, and at Pensacola in the last-named State a 
total of nearly 10 inches fell in less than 40 hours on the 
16th and 17th. 

At the end of the month drought conditions had been 
relieved in prectenlly all districts where the need of rain 
had been felt, and a plentiful supply of soil moisture was 
available in the principal winter grain areas. 


SNOWFALL. 


The first important snowfall of the season set in over 
the central Rocky Mountain districts on the 23d, and 
extended eastward into the Dakotas, Nebraska, and west- 
ern Kansas during the following day. Unusually heavy 
falls for the season of the year occurred in the mountain 
districts of Colorado, Wyoming, and adjacent States, 
and considerable depths were reported from the near-by 
Great Plains. About the same time some unusually 
heavy snows for so early in the season occurred in the 
southern Appalachian Mountain regions, depths up to 8 
inches being reported from some of the higher elevations 
of western North Carolina and adjacent portions of 
and Tennessee. 

Near the end of the month snow was again reported 
over wide areas from the northern Great Plains eastward. 
The falls were mainly light, however, except locally in 
northern New York, where as much as 10 inches was 
reported. 

n the mountain districts of the far West the total 
snowfall for the month ranged up to a foot or more in 
the high Sierra of California, but farther north in the 
mountains of Oregon and Washington the falls were 
mainly light. In the Rocky Mountains snowfall was 
generally much heavier, and depths ranging up to 2 feet 
or more occurred in the high mountains of New Mexico, 
while in Colorado and Lids peas depths up to 3 feet or 
more were reported. Considerable snow fell during the 
last decade of the month over South Dakota and Ne- 
braska, and thence eastward to Iowa, and there was 
light snow generally during this period over all northern 
districts from the Dakotas eastward to New York and 
northern New England, extending southward over the 
me poet Mountain regions to western North Carolina 
and eastern Tennessee. 


RELATIVE HUMIDITY. 


Owing to the marked deficiency in temperature and the 
unseasonably heavy rainfall, and persistent cloudiness, 
the relative humidity over the Plains and Rocky Moun- 
tain States was much higher than normal in October, 
some stations reporting from 15 to 30 per cent higher. 
Also there was a considerable excess in parts of the 
Plateau States, in the middle Mississippi Valley, and 
most of New England and eastern New York. Deficient 
humidity prevailed in the greater part of the Lake 
region, the Middle Atlantic States, the southern A 
Pi achian region, and East Gulf States, likewise along the 

acific coast, in western Washington and 
northwestern Oregon. 
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SEVERE LOCAL STORMS, OCTOBER, 1923. 
(The table herewith contains such data as have been received concerning severe local storms that occurred during the month. A more complete statement will appear in the Annual 


Report of the Chief of Bureau.] 
Value of 
Width of} Loss 
Place. Date.| Time. | path | of | Prop | Character of Remarks. Authority. 
(yards). stroyed. 
Louisiana and adjacent. $19,300 | High winds and | Damage princi to crops and immovable | Advertiser (Montgom 
Gulf coast. ; tides. property, piers, wharves, ete. | Ala.) Official, U. Weath. 
Chicago, Ill 17-18 | Moderate gal slight property d Official. Weather B 
| rean. | Dally Journal (Chi 
cago, Ill.). 
Coney Island, N. Y..-........ 18 | P.m...... isiuad Oi iV High wind........ Fishing smack Halcyon wrecked. Survivors Times (New York). 
| brought ashore after hard fight. 

Middle Atlantic coast ........ SPOR High winds and | Shipping activities paralyzed; some damage to | Official, U. S. Weather 
| rain. small craft and a number of persons injured. 
or! ew York). 

Cleveland, Ohio.............. | Gale and rain..... Trees uprooted, wires and windows broken and | News (Cleveland, Ohio). 
| pc me delayed. Several accidents. 


STORMS AND WEATHER WARNINGS. 


WASHINGTON FORECAST DISTRICT. 


The weather conditions over the States east of the 
Mississippi River during the first two weeks of the 
month were dominated practically the entire time by 
an area of high pressure of great magnitude that moved 
very slowly southeastward from Manitoba to the Atlantic 
States. However, after the 9th pressure gradually de- 
creased over the western Caribbean Sea, Mexico, and the 
southwestern Gulf of Mexico and there were torrential 
rains in portions of Mexico. At Acapulco, over 19 inches 
of rain fell within six days. By the 14th the barometer 
was falling slowly along the Texas coast, and on the 
morning of the 15th a disturbance of moderate intensity 
extended all the way from Vera Cruz and Frontera, 
Mexico, northward over the western Gulf of Mexico to 
the Texas and Louisiana coasts, with the center appar- 
ently some distance east of the mouth of the Rio Grande. 
This disturbance, in connection with the area of high 
pressure over the eastern States, produced a rather steep 
pressure gradient, so that small-craft warnings were 
ordered displayed along the Mississippi, Alabama, and 
northwestern Florida coasts at 10 a.m. At 12:30 p. m. 
the district forecaster at New Orleans ordered southeast 
storm warnings on the Louisiana coast and northeast 
warnings on the Texas coast. 

The regular evening reports from the stations alo 
the Gulf coast showed that the disturbance had increase 
considerably in intensity during the day and that it was 
moving northward toward the Lewialenm coast. At 8:45 

. m. the display stations along the east Gulf coast from 

ay St. Louis, Miss., to Cedar Keys, Fla., were ordered 
to hoist northeast storm warnings at 9:30 p.m. Shortly 
after this order was telegraphed to the stations con- 
cerned, radio reports were received from the S. S. El 
Siglo in lat. 28° 20’ N., long. 92° W., and from the S. S. 
Corning in lat. 27° 20’ N., long. 91° 30’ W., indicating 
that the storm had developed hurricane intensity. The 
former reported a barometer reading of 29.22 inches and 
a wind velocity of 74 miles an hour from the east, and 
the latter a barometer reading of 29.18 inches and a 
wind velocity of 64 miles an hour from the east, with a 
two-hour pressure fall of 0.20 inch. As soon as these 
extremely important and timely vessel reports were 
charted and the storm center located at about fat. 27°. N. 
long. 92° W., hurricane warnings were ordered displayed 
at 10 p. m. along the Alabama, and 
extreme northwestern Florida coasts. Ten p. m. and 
ee special observations were called for from sev- 
eral of the stations along the Gulf coast, and an advisory 


message was issued at 12:45 a. m. of the 16th informing 
the stations in the area affected that the storm center 
would likely reach the Louisiana coast not far from Mor- 
gan City between 4 and 6 a. m. The lowest pressure 
noted at Morgan City was 29.25 inches. The hurricane, 
which was of small diameter and not of great intensity, 
moved quite rapidly northward and its center was a 
short distance southwest of Vicksburg, Miss., at 8 a. m., 
this station reporting a barometer reading of 29.32 inches 
with a two-hour pressure fall of 0.20 inch and a wind ve- 
locity of 32 miles an hour from the southeast. 

Extracts from press reports of the storm in the Times- 
Picayune, New Orleans, are as follows: 

Pensacona, Fia., Oct. 16.—* * * Aside from the dragging of 
anchors by several tank ships anchored here, damage was eantined in 
the harbor to the beaching of a number of loaded lumber and naval 
stores barges. Five hundred barrels of rosin were on one barge which 
went down. An even dozen barges were beached, more than half of 
them carrying lumber, and cargoes were scattered all along the beach 
and more or less damaged. * * *, 

Gutrport, Miss., Oct. 16.—* * * Shipping in the Gulfport 
Harbor escaped damage, all the larger vessels remaining safely moored 
* * * but some of the trawl boats and other small craft which sought 
refuge in the basin were either sunk or driven on the beach. * * * 

The highest wind velocities reported, all from the 
southeast, were as follows: New Orleans, La., 36 miles 
an hour; Burrwood, La., 48; Mobile, Ala., 60; and Pen- 
sacola, Fla., 64. 

Pressure remained quite low over the Gulf of Mexico 
after the hurricane moved inland, and the barometer 
again fell over the western Carribbean Sea, and there 
was evidence that a disturbance was forming between 
the Island of Jamaica and the Isthmus of Panama. At 
5:30 p. m. of the 17th southeast storm warnings were or- 
dered displayed from Bay St. Louis, Miss., to Apala- 
chicola, Fla., as another disturbance was approaching the 
middle Gulf coast. At 8 p. m. its center was between 
Mobile and New Orleans, and shortly thereafter a maxi- 
mum wind velocity of 44 miles an hour from the south- 
east was registered at Mobile and 56 miles an hour from 
the southeast at Pensacola. This storm moved rapidly 
northward to the middle Mississippi Valley, then north- 
northeastward to the Hudson Bay region. 

Over the western Caribbean Sea pressure continued 
low with some evidence of a slight disturbance central 
southwest of Jamaica. Following a slight rise in pres- 
sure over the western Caribbean a Cuba, and the vi- 
cinity of the Bahama Islands on the 20th, the barometer 
again began to fall over Cuba and the Bahamas region 
during the 21st, and by the morning of the 22d a dis- 
turbance of slight intensity had developed with its center 
near Nassau, Bahama Islands. At this time there was aD 
area of high pressure of great magnitude overlying 
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sections from the Rocky Mountains eastward to the At- 
lantic coast and there was a steep barometric gradient 
along the coast from North Carolina northward. At 9:30 
a.m. northeast storm warnings were displayed from Cape 
Hatteras to Boston, Mass. The disturbance increased 
gradually in intensity and moved almost due northward 
until it reached Cape Hatteras, after which it moved 
north-northwestward with slowly diminishing intensity to 
eastern Lake Erie where it was centered the evening of 
the 24th. It now recurved and moved northeastward 
down the St. Lawrence Valley. On the morning of the 
23d the northeast warnings were extended northward to 
Eastport, Me., and southward to Wilmington, N. C. 
Severe gales prevailed during the 23d between Cape Hat- 
teras and Cape Cod, several stations reporting maximum 
wind velocities of from 56 to 60 miles.an hour, and at At- 
lantic City, N. J., 82 miles an hour from the northeast 
was registered. 

A disturbance of slight intensity appeared north of St. 
Thomas, West Indies, on the morning of the 15th and it 
moved almost directly northward until it reached the vi- 
cinity of Bermuda, after which it moved northwestward 
to Massachusetts, its center passing almost directly over 
Boston on the morning of the 19th. During the day 
this storm dissipated. Storm warnings were displayed 
from Delaware Breakwater to Eastport, Me., on the 18th 
when the storm was centered some distance southeast of 
Nantucket, Mass. The highest wind velocity reported 
was 48 miles an hour from the northeast at Nantucket. 

The last storm warnings of the month were displayed 
the morning of the 30th in connection with a disturbance 
that developed suddenly during the preceding night and 
was central over Lake Erie at 8 a. m. storm in- 
creased considerably in intensity and moved roy 
down the St. Lawrence Valley. The highest wind ve- 
locity reported was 44 miles an hour from the southwest 
at Block Islands, R. I. 

Small-craft warnings were displayed on a number of 
dates, mostly along the south Atlantic and east Gulf 
coasts, and warnings of strong northerly winds were sent 
to the Chief Hydrographer, Panama Canal Zone, on the 
2lst and 25th. 

Frost warni were issued during the 
month, but were mostly for the northerly sections until 
the 20th. On the 25th light frost was reported as far 
south as Mobile, Ala., and Jacksonville, Fla.—Charles L. 
Mitchell. 

CHICAGO FORECAST DISTRICT. 


With one or two notable exceptions the movement 
of weather conditions in the Chicago Forecast District 
in October, 1923, was decidedly sluggish. High pressure 
areas were dominant most of the month, and these 
lingered over the Great Lake region or the Eastern 
States for days at a time and obstructed the normal 
eastward advance of conditions from the West. Per- 
haps the most striking example of this occurred in con- 
nection with the southeastward spread of a rain area 
from the Northern Plains States. Five days were con- 
sumed in its passage from North Dakota to central 
Indiana, and almost 48 hours from northwestern Illinois 
to central Indiana. 

_ Frost warnings.—Frost warnings for some part of the 
district were issued almost daily during the month. 
With the advance of killing frost southward the area 
Where warnings were needed became more and more 
Testricted until by the close of the month only the extreme 
southern portions of Kansas and Illinois remained in 
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that category. The most general frost warnings were 
issued on the 4th, 5th, 12th, 13th, 14th, 19th, 20th, and 
21st. The principal frostsin the Great Lakes region and 
adjacent areas occurred between the 5th and 8th, in 
the Plains States on the 13th, and in the Great Central 
valleys between the 19th and the 23d. 
sade warnings.—On the 29th a_ disturbance 
developed over the Southern Plains, and during the 
next 24 hours moved with great rapidity northeastward 
to the mouth of the St. Lawrence River. Closely follow- 
ing the disturbance was a marked high pressure area 
from the northwest, with temperatures decidedly low 
for the season. At Valentine, Nebr., a minimum of 
4° occurred on the 30th, the lowest of record at that 
station so early in the season. On the morning of that 
date cold-wave warnings were issued for the extreme 
southeastern portion of the district, and these were, for 
the most part, verified. At Evansville, Ind., the tem- 
erature fell from 56° to 28°, the latter figure being the 
owest, of record for the month of October. 

Storm warnings.—During the first half of the month 
the weather on the Great Lakes was quiet, but thereafter 
conditions were much more active. On the 17th a 
disturbance that had moved up the Mississippi Valley 
from the Gulf of Mexico appeared to call for southeast 
warnings, and accordingly these were displayed on all 
the Lakes, except extreme western Superior. The 
warnings at most points were lowered a few hours later, 
however, when special observations showed that the 
storm was decreasing in strength. But quickly follow- 
ing this disturbance was another of similar origin, and 
on the morning of the 18th it was central near the mouth 
of the Ohio River, with a central pressure of 29.40 inches. 
Northeast warnings were displayed at that time on 
Lake Michigan, and southeast warnings on the Lower 
Lakes. From Cairo the storm took a north-northeast 
course, crossing the Great Lakes and eng gous. from 
the region of observation in the direction of James Bay. 
Additional warnings for this storm were displayed on 
the afternoon of the 18th on extreme eastern Superior, 
and the southeast warnings were continued at that 
time on Lake Huron. On the following morning the 
northwest warnings were continued on the eastern shore 
of Lake Michigan, changed to northwest on Lake Huron 
and western Lake Erie, and to southwest on eastern 
Lake Erie and Lake Ontario, and northwest warnings 
were issued for the Houghton and Marquette districts 
of Lake Superior. The warnings for the storm were 
verified at most stations. 

The next storm warning to be displayed was that on 
the night of the 23d, in connection with a disturbance 
from the South Atlantic which at that time was moving 
inland in a north-northwest direction from the Virginia 
coast. Northeast warnings were issued for the lower 
Lakes and on the following morning these were extended 
to Lake Huron. At the same time northwest warnings 
were hoisted on Lake Superior and northern Lake 
Michigan. In the afternoon the warnings were changed 
to northwest on Lake Huron and western Lake Erie 
and to southwest over the remainder of the lower Lakes. 
On the evening of the 24th the storm began to recurve to 
the northeastward over Lake Erie with decreased energy, 
finally disappearing two days later over the Canadian 
Maritime Provinces. For the most part the warnings 
were verified; at Cleveland, Ohio., a maximium velocity 
of 56 miles an hour from the northeast was attained. 

The last storm warning issued during the month was 
that of the 30th in connection with the disturbance re- 
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ferred to under the heading ‘‘Cold-wave warnings.” 
The display called for northwest warnings on the lower 
Lakes, Lake Huron, and extreme eastern Lake Superior. 
Owing to the great rapidity with which this storm moved, 
the warnings on Lake Huron and western Lake Erie 
were lowered on the afternoon of the 30th and at night 
over the remainder of the lower Lakes. The maximum 
wind velocity reported during this storm was 72 miles 
an hour from the west at Buffalo, io £ 

Fire-weather warnings.—At the request of the State 
forester, fire-weather warnings for northeastern Minne- 
sota, where conditions had become serious, were begun 
on the 9th and were continued until the 30th. 

The usual long-range forecasts for the benefit of ship- 
pers of fruit from the Pacific Northwest were begun near 
the close of the month to the Northwestern Fruit Ex- 
change and the Wenatchee Valley Traffic Association, 
Wenatchee, Wash., and a new address added was that of 
the Fruit Express Co., Spokane, Wash. These fore- 
casts have to do with expected temperature conditions 
in Montana and the Dakotas.—C. A. Donnel. 


NEW ORLEANS FORECAST DISTRICT. 


Weather conditions during this month were dominated 
to an unusual degree by anticyclonic areas having marked 
characteristics. 

Three large sluggish areas of high pressure advancing 
southeastward over the eastern Pare Mountain slope 
during October 1-4, 24-26, and 28-31 were attended by 
much rain in the northwestern portion of the district, 
the rainfall at Amarillo, Abilene, and Oklahoma City ex- 
ceeding the previous highest of record for October, mainl 
because of the heavy rains occurring in connection with 
these areas of high pressure. In contrast to these remark- 
able anticyclonic conditions, another area of high pres- 
sure, following the movement of a sluggish trough of low 

ressure over the central districts, dominated conditions 
rom the 18th to the 23d, with clear and frosty weather 
extending much farther south in the Mississippi Valley 
than is usual at the season, frost in Louisiana occurring 
southward to the west coast at times. In the eastern 
portion of the district the frosty weather was prolonged 
until the 26th by fresh accession of high pressure from 
the north while rainy weather prevailed in Oklahoma 
and northwestern Texas. 

Another important feature was the storm that devel- 
oped in the western portion of the Gulf on the 15th. 
Special observations were obtained from coast stations, 
and the Washington office supplied information based on 
ship reports. e indications fe avored a northward move- 
ment, with increasing winds, and storm warnings were 
issued accordingly at 12:30 p. m., southeast storm warn- 
ings for the Louisiana coast and northeast warnings for 
the Texas coast. On the Louisiana coast the storm 
warnings were replaced at 10 p. m. by hurricane warnings 
ordered from Washington Pe lowered the next morning 
after the storm passed inland. 

The storm center reached the coast at about 1 a. m. 
on the 16th, near longitude 91° 30’ west, slightly west 
of Morgan City, La., and moved rapidly northward over 
Louisiana, without apparent change in lowest barometer 
until after reaching the vicinity of Vicksburg at 7 a. m. 
Reports of aneroid barometers, after comparison with 
standard instruments, show a lowest reading of 29.25 
inches at Morgan City at 1:20 a. m. to 2:45a.m. The 
wind reached a velocity of 49 miles an hour at Burrwood. 
The velocity of 40 miles an hour was observed at Morgan 
City on an anemometer without continuous record, but 
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equipped with a push-button indicator. Verifying veloc- 
ity for storm warnings occurred as far west as Galveston, 

On the coast south of Morgan City, with tide about 
3 feet above normal, wind and waves carried two empty 
barges to land, leaving them stranded as the water 
receded, causing loss of their use in transportation of 
shells until they could be refloated. Other damage on 
the Louisiana coast, aside from the blowing down of 
telegraph and telephone wires, was slight. Extensive 
distribution was given to all warnings. 

Within a long trough of low pressure extending from 
Canada to the Caribbean Sea, a minor disturbance 
developed on the 17th, following a course just slightly 
east of the preceding storm. Northeast storm warnings 
were po for the Louisiana Coast at 1:30 p. m.; but 
the disturbance had only slight effect on the Louisiana 
coast, the higher winds being to the eastward. The 
storm warnings were ordered down at 9 p. m. but with 
caution for small vessels proceeding eastward. 

Small-craft warnings were displayed on the Louisiana 
coast on the 8th and 9th because of ge - barometric 
gradient on the southern side of an area of high pressure 
crested over the Ohio Valley. On the 9th the warnin 
was changed to northeast storm warning. Small-craft 
warnings were displayed on the west coast of Texas on 
the afternoon of the 13th and on the entire Texas coast 
on the 18th. 

Frost warnings were issued on the 13th, 14th, 17th, 
18th, 19th, 20th, 21st, 22d, 23d, 24th, 25th, 26th, 29th, 
and 3ist, for portions of the district. Owing to slow 
clearing frost did not occur as forecast on the first two 
dates but generally occurred as predicted thereafter. 
Cold-wave warnings were issued for the northwestern 
portion of the district at night on the 29th and were 
extended the following morning over the northeastern 
and central portions of the district. Temperatures of 
freezing, or slightly higher, occurred in the northern 
portion of the district. 

Fire-weather warnings were sent to the State forester 
of Texas on the 13th and 30th, particularly for increase 
in the velocity of northerly winds. Conditions prevailed 
as predicted. 

pecial forecasts were issued for the State Fair at 
Shreveport, October 18 to 28, and weather occurred as 
forecast.—R. A. Dyke. 


DENVER FORECAST DISTRICT. 


High aero prevailed during most of the month in 
the northern and eastern portions of the Rocky Mountain 
region, with frequent Lows passing across the southern 
portion of the district. As a result, the precipitation 
on the eastern slope of Colorado and New Mexico, was 
much above normal, with numerous heavy downpours 
from the 2d to the 4th and on the 12th and 13th. 
Heavy rains also fell in eastern Colorado on the 23d 
and 24th, turning to heavy snow in and near the moun- 
tains on the latter date, the heavy rains extending to 
eastern New Mexico on the 25th. West of the con- 
tinental divide the precipitation was much lower than 
the average. The month was decidedly cooler than the 
normal in about all portions of the district. 

A cold-wave warning was issued for north-central 
Arizona on the morning of the 17th, when the temper- 
ature at Flagstaff was 50°. A minimum temperature 
of 16° was registered at that station during the night 
of the 18th—19th. 

Warnings of frost and also of freezing temperature 
were issued for various sections in the district on a number 
of dates as the weather conditions seemed to require. 
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As a rule, the warnings distributed were verified. 
A sharp rise in temperature occurred in extreme western 
Arizona on the morning of the 25th, however, that can 
not be accounted for satisfactorily —J. M. Sherier. 


SAN FRANCISCO FORECAST DISTRICT. 


The weather in the San Francisco Forecast District 
during October, 1923, was largely controlled by slow 
moving HIGHS that entered the north coast of the United 
States from the Pacific Ocean. They drifted slowly 
eastward and apparently blocked the eastward move- 
ment of Lows from the Aleutian Islands, which were 
very pronounced at sea during most of the month. 
One of the Lows from the ocean moved inland on the 6th 
and joined forces with a Low that apparently developed 
over the Southern Plateau States. The two combined 
caused light but general rains in this district. 

The next Low to enter the United States came by the 
way of British Columbia on the 16th and it caused good 
rains in Oregon, Washington, and Idaho, and a few 
showers in northern California. The strongest winds 
of the month attended this disturbance, when maximum 
velocities of 80, south, 60, southwest, and 46, south, 
occurred at Northhead, Tatoosh, and Seattle, respectively. 

Another tow from the Pacific Ocean entered British 
Columbia on the 21st. A small secondary also formed 
over California on the same day, and the two combined 
caused light but general rains in the northern half of 
the district and a few showers in Nevada and in extreme 
northern California. 

On the last two days of the month a Low appeared 
over the Southern Plateau States that caused light 
rains in the lower portion of California. 

Storm warnings were issued on the 5th, 14th, 15th, and 
16th. For the most part they were verified. Frost 
warnings were issued for portions of the north Pacific 
States on the 7th, 8th, 12th, 17th, 18th, 19th, and 23d. 
They also were verified, and as the season for vegetation 
at practically all places in that section closed during the 
month, warnings are now no longer needed in that 
section except near the coast.—E£. A. Beals. 


RIVERS AND FLOODS. 
By H. C. FraNnKENFIELD, Meteorologist. 


Owing to the prolonged drought, all streams of the 
Middle and North Atlantic States were at very low 
stages during the greater portion of the month. Water 
supply for manufactories and domestic purposes almost 
reached the vanishing — in many localities, and many 
industrial plants were threatened with total suspension of 
operations. In some localities even drinking water had 
to be transported, and relief did not come until the heavy 
rains set in about October 23. These rains soon relieved 
the situation, and in the lower Connecticut River the 
rise assumed the proportions of a near flood. From 5 to 
6 inches of rain fell over the valley below Holyoke, 
Mass., but without resulting flood stages in the river, 
owing to the extremely dry condition of the soil. Warn- 
ngs of the some of the rise were issued on October 25. 
here were no floods east of the yang = River, but 
they were quite general in the western tributaries, par- 
ticularly in both branches of the Canadian River and in 
the lower Arkansas. In the State of Oklahoma the 
floods were especially destructive. 
Heavy rains set in during the last two days of Septem- 
ber over the headwater areas of the Canadian River, the 
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Texas Panhandle and extreme western Oklahoma, and 
extended eastward from October 1 to 3, inclusive, con- 
tinuing at the same time to the westward. The heaviest 
rain reported was at Woodward, Okla., where 11.50 
inches fell from September 29 to October 3, inclusive. 
Another rain narion set in about October 11, with a 
three-day rain of 6.30 inches at Woodward. Even over 
the headwater districts on the eastern mountain slopes of 
New Mexico and in the Texas Panhandle the floods were 
severe, and warnings issued were well verified. The 
following report on the floods in the State of Oklahoma 
was prepared by Mr. J. P. Slaughter, meteorologist in 
one of the Weather Bureau office at Oklahoma City, 


Heavy rains fell over the Texas Panhandle and western Oklahoma 
from October 1 to 3, and warnings were issued for Camargo, Union City, 
and Calvin on the Canadian River, and for Canton and Reno Junction 
on the 3d, and for Oklahoma City on the 5th. The water did not go as 
high on the Canadian River as was expected, but did reach the forecast 
stage at stations on the North Fork of the Canadian. 

oderate to heavy rains were general again over the two drainage 
basins on October 6-7, and warnings were issued for Camargo, Union City 
and Calvin on the Canadian, and for Oklahoma City on North Fork of 
Canadian on the 6th. Again the water did not rise as high as was fore- 
cast on the Canadian, but did reach the expected stage at Oklahoma 
City. Neither of these floods was serious, only the very low bottom 
lands being inundated, and no serious losses resulted. 

Excessive rains occurred over the Texas Panhandle, western, central, 
and northern Oklahoma, October 11 to 16, resulting in high water in 
the Cimarron, Arkansas, Canadian, and Red Rivers, and disastrous 
floods in the North Fork of the Canadian and in the Washita Rivers. 
On the 11th, warnings were issued for Camargo and Union City on the 
Canadian, and for Oklahoma City on the North Fork of the Canadian. 
On the 12th, warnings were issued for Canton and Reno Junction on 
North Fork of the Canadian; and on the 13th, for Calvin on the Cana- 
dian, and for Reno Junction and Oklahoma City on the North Fork of 
the Canadian, a higher s being fixed at the last named two places. 
On the morning of the 15th a warning of 20 feet or higher was issued 
for Oklahoma City. The water was only moderately high, close to or 
a sae mer flood stage on the Canadian River, and no serious damage 
resulted. 

The flood in the valley of the North Fork of the Canadian was the 

test and most destructive in the rscsag 2 of the oldest settlers. 
he river rose very rapidly in northwestern Oklahoma during the 11th 
and 12th, reaching a of 9.2 feet at Woodward about 6 p. m. on 
the 12th. This was 0.9 foot higher than the previous high watermark, 
8.3 feet, on June 10, 1923. The flood waters advanced down the valley 
with much greater speed than usual, continuous rains swelling the 
flood asit advanced. The crest at river stations were as follows: 
Woodward, 9.2 feet on the 12th; Canton, about 13 feet on the 13th; 
Reno Junction, about 18 feet during the night of the 14th-15th; Okla- 
homa City, 23.2 feet, about 7 a. m., the 16th. aime er ya high water 
stages at these stations were as follows: Woodw , 8.3 feet, June 10, 
1923; Canton, 8.6 feet, June 11, 1923; Reno Junction, 14 feet, June 12, 
1923; Oklahoma City, 16.3 feet, June 14, 1923. 

Warnings were disseminated throughout the valley by means of 
long distance telephone, the State board of agriculture cooperating, by 
telegraph and by the daily ery Everybody in the valley had ample 
warning of the impending flood and that it would be the worst since 
the country was a for settlement. 

A systematic effort made by State, county, and city officials to deter- 
mine the damage resulti m this fl fixes the total loss at not 
less than $15,000,000, divided as follows: 


Railroad bridges, culverts, and tracks.................... $1, 650, 000 
Industrial plants in Oklahoma City. .................... 175, 000 
Oklahoma City water works..................--.-.-..+--- 1, 500, 000 
Bridges and roads in nine counties. ....................- 1, 500, 000 
Houses and livestock, probably........................-. 500, 000 

Damage to land by erosion, deposit of sand, and increased 
Miscellaneous unlisted damage.....................--.-- 2, 675, 000 


Approximately 600,000 acreas of rich farm lands were inundated 
during this flood, and a considerable portion of this years crops had 
not been gathered. 

Some portions of nearly all towns and cities on the banks of the 
river were flooded, areas that had never before been flooded. Okia- 
homa City was the greatest sufferer in this respect. About 1 a. m. 
on the morning of October 15 a report was received from the river 
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observer at Reno Junction, stating that the approach to the Rock 
Island bridge on which the river was located had been washed out, 
that it was impossible to reach the gage, and that the estimated 
of the river was 18 feet. City officials were at once called on the 
telephone and advised that a —_ of at least 20 and probably 22 feet, 
4 to 6 feet higher than the June flood, was expected in Oklahoma City 
on the morning of the 16th; also, that if the water reservoir dam, about 
7 — above the city gave way, a still higher stage might be ex- 
aan systematic and orderly evacuation of the flood district was begun 
the next morning, the police department, fire department, National 
uard, American Legion, and various civic organizations assisting in 
thework. Approximately 1;800 families, with their effects, were moved 
during the day and early evening. About 11 p. m., the 15th, the 
earth embankment on the west side of the reservoir lake b to give 
way, and probably 500 more families were hurriedly moved to higher 
ground. Four persons were drowned in Oklahoma City during the 
night of the 15th-16th, due to the fact that many people re to move 
out of the flood district until driven out by higher water than had 
ever been experienced before. 

It has been found impossible to estimate the money value of pro- 
perty saved by warnings of this flood. Livestock, harvested crops 
and movable property of all kinds were carried to higher ground 
throughout the entire valley, as from one to five days warning was 
given. It is estimated that $75,000 to $100,000 in movable property 
was saved in Oklahoma City, and for the whole valley the figures 
will go into hundreds of thousands of dollars. 

The bridge in Oklahoma City on which the river gage was installed 
was washed out by the flood and the gage lost. Only one bridge within 


the city limits escaped the flood, and the approaches to this bridge 
were washed out. 


The flood in the valley of the Washita was not so great nor destructive 
as has been experienced in the However, bottom lands were 
flooded throughout the entire valley, and losses were heavy. Two 
persons were drowned near Chickasha, horsemen trying to ford a 
tributary creek of the Washita. 

The floods in the Arkansas River and its tributaries 
other than the Canadian were not very severe, yet they 
called for the issue of flood warnings at nearly all oints. 
There was an early flood in the lower Purgatoire River, 
and a stage of 5.6 feet, or 1.6 feet above the flood stage, 
was reached at Higbee, Colo., on October 5, the flood con- 
tinuing from October 4 to October 10, inclusive. The 
rise, however, was not sufficient to seriously affect the 
Arkansas River, and no flood stages were experienced in 
this river west of Great Bend, Kans. 

From Wichita, Kans., to Dardanelle, Ark., including 
the lower Neosho River, the crest stages quite closely 
Po garreney the flood stages, except at Fort Smith, 
Ark., where the crest stage of 25.6 feet on October 17 was 
3.6 feet above the flood stage. There were no flood stages 
a east of Dardanelle, Ark. 

mw of the floods were issued as early as needed, 
and the losses reported were only $18,000, mainly to 
crops, while the value of property saved through the 
warnings was given as $15,000. 

Minor floods occurred during the early days of the 
month in the North Platte River of Nebraska, and the 
Big Blue River of Nebraska and Kansas. They had 
been forecast previously, and no damage was reported. 

The Red River floods were not serious as to stages 
reached, and did not extend east of Fulton, Ark. They 
were caused by the same general rain conditions that 
caused the middle October floods in Oklahoma, but in 
much less intensive form. Warnings were issued well in 
advance of the floods, and they appear to have resulted 
in the saving of property valued at between $50,000 and 
$75,000. The losses as reported aggregated $55,000, 
almost entirely in crops. 

With the exception of the Red, the Upper Trinity, and 
the Pecos Rivers, and the extreme lower Rio Grande, the 
rivers of Texas were comparatively quiet during the 
month. There was a local flood on October 17 and 18 in 
the Trinity River at Dallas, Tex., with the crest stage on 
October 18 of 23.5 feet, 1.5 feet below the flood stage. 
Warnings were issued on October 15 and 16. 
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The Pecos River was in flood beginning with October 
3 in the upper river in New Mexico, and it was not until 
October 17 that the river at Pecos, Tex., fell below the 
flood stage of 11 feet. Warnings of this flood were also 
issued at the proper time. No damage was reported, and 
the effect of the flood waters upon the stages in the Rio 
Grande was negligible. 

In the extreme lower Rio Grande the flood of late Sep- 
tember continued until about October 7, additional heavy 
rains on October 5 bringing another crest of 22.1 feet at 
San Benito, Tex. This was 1.1 feet above the flood stage, 
Warnings for this flood were issued in September. 

An unusual feature of the season was the rise in the 
Missouri River during the early days of the month. It 
doubtless came, via the Yellowstone River, from the 
Powder River flood of September, 1923, and was remark- 
able in that the stages in the Missouri River from Willis- 
ton, N. Dak., to St. Joseph, Mo., were the highest 
recorded stages for the autumn season of the year. ‘There 
were, of course, no floods, but the crest stages were man 
feet above the average stages for the time of year. It 1s 
interesting to follow the crest down the river from Willis- 
ton, and its progress as far as Cairo, IIl., is shown in the 
table below. ile passing Yankton, S. Dak., it took 
away the pontoon bridge, causing a loss of $3,000. Below 
Cairo, Ill., only faint traces of the wave were visible. 


Crest mex 

Station. (feet) Date. — 

(days). 

11.6 | Oct. 9....... 0 

8.8 | Oct. 12...... 1 

18.8 | Oct. 15...... 1 

Cairo, (mouth of Ohio 15.0 | Oct. 18...... 2 

| Above flood 
| Crest. 
River and station. 
From—| To— | Stage. | Date. 
MISSISSIPPI DRAINAGE. 

Ar E Feet. Feet. 
5 12 13 6.2 13 
15 14 15 15.6 15 
Webbers Falls, Okla. ................. my 23 17 17 23.5 17 
22 16 20 25.6 Vi 
20 18 20; 21.8 18-19 

Little Arkansas: Sedgwick, Kans........... 18 12 12 19.2 13 

Neosho: Fort Gibson, Okla................. 22 i7 17 23.0 17 

North Canadian: 

ll 16 9.2 13 
4 4 5 | 34.6 5 
13 15 13.0 13 
Ratio Jumotion, 12 15 16 18.0 15 
City, 12 6 ll 13.8 8 
13 19 23.2 16 

Canadian: 

ll 12.5 9 

5 3 3 8.0 3 
5 5 9.0 5 

7 7 8.0 7 

uj; 12 

Red River: Arthur City, Tex............... 27 18 18} 28.2 18 

North Platte: North Platte, Nebr........... 5 3 4 6.0 3 

Big Blue: Beatrice, Nebr..............-...6- 16 2 3| 20.0 2 

RIO GRANDE DRAINAGE. 
ae Grande: San Benito, Tex............... 21 1] 7 22.1 
‘ecos: 
Fort Sumner, N. Mex..................5 7 3 5| 12.0 4 


1 Continued from October. 
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MEAN LAKE LEVELS DURING OCTOBER, 1923. 


By Unrrep States Lake Survey, 
(Detroit, Mich., November 5, 1923.] 


The following data are reported in the ‘Notice to 
Mariners’”’ of the above date: 


Lakes.! 
Data Michigan 
Superior.} and Erie. | Ontario 
Huron. 
‘ Feet. Feet. Feet. Feet. 
Mean level during October, 1923. ............ 602.06 | 579.38 | 571.25 244. 65 
Above mean sea level at New 
Above or below— 
Mean stage of September, 1923....... —0. 04 —0. 26 —0.30 —0.38 
Mean stage of October, 1922.......... —0. 40 —0. 60 —0. 63 —0. 96 
Average stage for October, last 10 
Highest recorded October stage...... —1.50 —3. 56 —2, 45 —3.16 
Lowest recorded October stage....... +0. 48 —0.22 +0. 45 +0. 98 
Average relation of October level to— 


1 Lake St. Clair’s level: In October, 574.19 feet. 


EFFECT OF WEATHER ON CROPS AND FARMING OPERA- 
TIONS, OCTOBER, 1923. 


By J. B. Kincer. 


During the first week in October a cool wave over- 
spread all States from the Ohio River northward and 
eastward, with heavy to ae frost generally over 
Pennsylvania, New Jersey, New York, the New England 
States and the western Lake region. The damage was 
not serious, however, as crops were mostly matured, al- 
though late potatoes suffered somewhat in parts of the 
Ohio Valley, and truck and some late corn were damaged 
in Ohio and Indiana, while tender vegetation was killed 
in Pennsylvania and New Jersey. 

Another cool wave overspread the Plains States on the 
13th, which brought the first killing frost of the season 
to districts from Kansas northward to central North 
‘Dakota, while a third at the close of the second decade 
extended the frost line to the lower Missouri and central 
Mississippi Valleys, though only little damage resulted 
from this as crops generally were matured. 
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Winter wheat seeding made good progress during 
the month under favorable weather conditions, except 
for delay by frequent rains and wet soil in the extreme 
lower Great Plains. At the close of the month seeding 
was practically finished, except in the latter area and in 
the north Pacific Coast States, and early-seeded wheat 
was up to a good stand in nearly all districts. More 
moisture was needed, however, in the Southeast for 
seeding wheat and oats and for the germination of grain. 

Late corn matured rapidly during the first half of the 
month in the upper a and Ohio Valleys, and 
conditions were favorable for Tying out the early crop. 
Rain in Oklahoma and much of Texas, however, delayed 
harvest, and there was some damage to corn in shock. 
The latter part of the month was unfavorable for drying 
out corn in the upper Mississippi Valley, particularly in 
Iowa where there was much complaint of soft and moldy 
corn, while fields were too wet for cribbing in Missouri. 

Favorable weather for gathering cotton prevailed in the 
central and eastern portions of the belt, and this work 
made good progress. In the more western portions 
harvest was considerably interrupted by rainfall, and 
much damage was done in some places, particularly in 
Oklahoma, by rotting and sprouting. Picking was 
much delayed in the northwestern portions of the belt 
where the top crop was generally poor. At the close of 
the month picking was nearly completed in all districts. 
except over the northern portions of the belt, particularly 
in Oklahoma and northwestern Texas. 

There was some damage to late truck crops by frost 
early in the month in Michigan, and also from the north- 
ern Ohio Valley States eastward, while at the same time 
gardens and minor crops needed rain badly in the South- 
eastern States. 

Rainfall in the central Rocky Mountain area was 
especially beneficial to sugar beets, and this crop was in 
penetenly satisfactory condition. Pastures were poor 

ecause of lack of moisture in the Southeastern States 
but the range in the Southwest was further benefited 
by rainfall, although it was somewhat too wet for the 
best curing of the range in some central Rocky Mountain 
districts. At the close of the month, stock were reported 
generally in good condition, with pastures remaining 
green in the central valley States. 
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CLIMATOLOGICAL TABLES." 
CONDENSED CLIMATOLOGICAL SUMMARY. 


In the following table are given for the various sections of the climatological service of the Weather Bureau 
the monthly average temperature and total rainfall; the stations reporting the highest and lowest temperatures, 
with dates of occurrence; the stations reporting the greatest and least total precipitation; and other data as indicated 
by the several headings. 

The mean temperature for each section, the highest and lowest temperatures, the average precipitation, and 
the greatest and least monthly amounts are found by using all trustworthy records available. 

e mean departures from normal temperatures and precipitation are based only on records from stations that 
have 10 or more years of observations. course, the number of such records is smaller than the total number of 
stations. 

Condensed climatological summary of temperature and precipitation by sections, October, 1928. 


Temperature. | Precipitation. 
g Monthly extremes. Greatest monthly. Least monthly 
3S i 3 Biel 
| a a < < 
| °F. °F. | °F. | | In. | In In. | In 
63.7 | —9.1 | 2stations............ 97 1 | Maple Grove........ 28} 2% || 265 —0. 63 | Silverhill............ 12.66 Guntersville......... 0.47 
60.2} —2.5 | Fort Wailley 22222222) "95" 0/49") Show Low. 94 "6200 
59.2 | —3.1 | Junction............ 1 | 2stations............: 20] 223 || 3.53 | +0.53 | Waldron............ 0.90 
41.7 | — | |\—18 | |} 2.51 | +1. 3% | Cres 
71.9 | | Davenport. 5 | Mount Pleasant... 35 847 | 4 Cottage 15.23 | 0.75 
74.2 | +0.6 | 3stations ........... 92 | Kula Sanatorium... 52 4+ 6.65 | +1.24 | Puu Kukul......... 29.00 | 2stations........... 0. 
45.2 | —1.3 91 _ | —5 29 | 2.30 | +0. 89 Ranger Sta-| 4.49 Sugar City.......... 0. 65 
on. 
Illinois. .............. 51.9 | —3.3 | 2stations............ 86 | 211 | 2stations............. 18) 31 | 3.72 | 41.14 | Carlinville... 6.32 Warsaw 1.08 
52.4 | —2.2|..... 88 | 211 | 3stations............; 18 | 31 | 3.12 | +0,42 | Howe...... 4.96  Vevay... 0. 53 
ee, ee 56.5 | —1.3 | Beattyville.......... 89 13 | Anchorage.......... 19 31 | 1.68 | —0. Owensboro.......... 4.97 | Frankfort 0. 29 
| ESR 66.7 | —1.2 | Dodson............. 98 1! Kelly (near) 28 | 223 | 3.55 | +0.36 | Burrwood........... 10.88 | Angola. 1.05 
Maryland-Delaware...| 54.9 | —1.5 | Western Port, Md. 13 | Oakland, Md 18, 21 | 2.53 | —0.49 | Milford, Del......... 4.08 | Western Port, Md...| 0.78 
SR 47.4 | —1.5 | 2stations............| 82 tt. Se 9, 31 || 2.77 | —0.01 | Frankfort........... 6.56 | Iron River.......... 0.97 
Minnesota............ 45.6 Aa.. 30 Fort Ripley 3 | 0.78 rt 16 2 stations 2 Alexandria.......... 
63.9 | —1. stations............ 3. +1. Olumbus........... od . 
42.7 | —1. Tr ~ +0. 22 | Red Lodge.......... 4.14 Forks... : 
Nebraska. ............ 47.8 | —3.3 | Hayes Center. ...... 85 —7 30 || 1.76 +0.19 | Hayes 0. 20 
New England. ....... 49.9 | +1.3 | 3stations............ 82 14 | 2stations............| 16 *28 | 4.41 | +0.87 | Waterbury, Conn 7.95 | Eastport, Me........ 2.35 
New 53.9 | —1.3 | Indian Mills......... 81 14 | Charlotteburg....... 21 28 |; 4.25 | +0.47 | Little Falls.......... 6. 37 2.35 
New Mexico... . -| 50.9 | —2.8 | Deming (No. 1)..... 98 | 6 Elizabethtown...... 7 27 || 2.87 | +1.69 | Clovis............... 9.93 | 3 stations............ 0. 008 
New York...... -| 49.2 | —0.7 | York 88 28 || 3.30 | —0.06 | Setauket 8.07 | Jamestown.......... 1, 24 
North Carolina. . -| 51) —1.8 | 24) 1.68 | —1.89 | Hatteras -| 5.26 | Marshall............ 0, 40 
North Dakota. . -| 44.0 | +0.2 da , 30 |, 0.88 | —0.12 | Bowman -| 2.70 | Hillsboro T. 
— i + an roken Bow.. 
Te 50.1 | —0.3 | 2stations............ 90 1 | 2stations............; 10} 228 {| 2.66 | +0.45 | Government Camp..} 7.22 | Silver Lake......... 0.35 
Pennsylvania......... 51.0 -—1.2 | Bradys Bend 87 5 | West Bingham...... 12 22 | 2.38 | —0.72 | Mount Pocono...... 6.01  Herrs Island Dam...| 0.90 
oo 784 | +0.2 | 2stations............ 98 29 | Santa Rita.......... 55 | 212 || 8.34 | +0.00 | Toro Negro.......... 22.82 | Ensenada........... 3.00 
South Carolina. ...... 62.9 | —0.7 | Garnett............. 90 DE coe oo6 ones 29 25 | 1.14 | —1.89 | Yemassee........... 2.96 | Calhoun Falls....... 0. 12 
44.9 | —3.3 | St. George........... 88 3 | Winter Quarters....| 8 30 || 1.48 | +0.16 | Tooele. ............. 3.00 | Zetations............| T. 
86 13 | Burkes Garden......| 17 3.55 | Burkes Garden......| 0.30 
Washington.......... 50.5 | +0.8 | La Crosse........... 89 3 | Snyders Ranch......| 15 29 || 2.52 | —0.15 | Snoqualmie Pass....| 9.95 | Yakima............. 0. 49 
West Virginia........ 52.1 | —2.8 | 2stations............ 93 | 21 | Cheat Bridge........ 12 22 | 1.39 | —1.56 | Crawford............ 2.41 | Piedmont........... 0.65 
eter | 46.4 | —1.6.| High Falls.......... 81 13 | Long Lake.......... 9 31 | 1.67 | —0.85 | Manitowoc.......... 4.76 | Danbury............ 0. 24 
WOE. oct 0tsck | 38.8 | —4.1 | Wheatland.......... 78 22 | Riverside........... —22 29 || 2.09 | +0.86 | Hunter’s Station..../ 9.15 Deaver.............. 0.41 
1 For description of tables and charts, see REVIEW. * Other dates also. 
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Taste 
ABLE I.—Climatological data for Weather Bureau stations, October, 1928 


ievation of 
ruments.| Pressure Temperature of the air. 
| Precipitation Wind | 
3 giz 3" Sifeig 3 2&1 2 Sei we igis Ls 
n | n 
51.7) +0.9 Fl % | In. Miles. |—- 
Greenville 85) 29.98) 30.06) +.06) 48.8 +1.3 0-10, In .| In 
Portland, Me....... 65| 2| 55) 35| 28| 49] 29) 45] 82 5.2 
$:06) 51.6) 41:7) 71) 2.35, —1.5) 12) 7,540) s 43) 1 
Burlington............ 30.10) 4.06) 51-6) 41.7) 2) 60) 31) 31) 44) al iil 8 16 6.5) 0.0 0.0 
Nantucket 5| 188} 29.95] 30.08) +..03) 55.5 Tiel at 14] 58, 20) 31| 32} 42) 39 88 2.45) —0.7| 8| 7,030) s 44| s. 
ovidence.........-..| 215 30.08 +. 03) 54.1! —0.8) 39 50) 18| 52| — |,7,420| w. | 35] sw. | 30 11) 5.8) 
Hartford......... 215) 251! 29.92) 30,09 .8| 68, 4) 59) 38) 31) 49) 17 , 2.82] —0.6| 12/12, 526) sw 13| 5} 4.6) 0.9) 0.0 
| ---| 106} 74} 153! 29.99) 30.11 +105 +2.0) 75| 14) 63] 34) 28! 47 4.09} 40.2] 9) 8,876] nw ne. 23; 15] 3) 13) 4.8) 0.0) 0.0 
| Middle Atlantic States. 58.8) —0.3| 72) 4) 62) 34) 31) 45) 26) 48) 43) 73 rool | | ial Sil Oo 
55.3) —0.9 n 44\ ne. | 23) 1 . 0} 0.0 
Albany....-..--- 5| 8} 8] 4.4) 0.0 
Binghamton. 30. 01 +. 06) 51.2} —0.9| 79| 14] 61 75) 2.63) —0.7 
New York............ 314) 414) 454 29.16] 30.10) +.04) 49.6 40.4 13 61] 31] 28) 42) 30) 46] 43) 81) 2.86 4.6 
Harrisburg............ 1 29.77| 30.11) +.05| 55.6] —0.7 60) 29) 27) 39 3.31 —0.1) 4,858) s 35) s 30} 1 
Philadelphia........ 193 04) 29.74) 30.14) 4.06) 54.0! 0. 72| 14| 63} 31) 48) 50) 74 40.2! 10) 3,587) w nw 30} 13) 10} 4.4! 0.0) 0.0 
9. . 13)... 49 66) 3.771 407 nw ne. 5.0} 0.0) 0.0 
00 Atlantic Cit 805] 111] 119} 20. 96) 30.13)” 466) 51:6)" 40.3 79| 14) 64) 35) 28) 45) 34 3.77) 7,598) n ne. | 22) 14 8 9 4.7) 0.0 0.0 
15 Cape May ) 52 30.05 20,11 +.06! 51.6) +0.2) 77) 13) 62) 33 | 3 49| 46) 8&2) 3.61 40.4) 7 2’ 653 34! ne. 93| 141 10] 7] 4.5 0.0 00 
17; 13| 49 30.12] 30.14 4.04) 58.6) —0.3) 75| 4| €3| 38) 31 50 35| 48 80! 2.42] —0.5| 9! 24) ne 24| 15| 10} 6] 4.4] 0.0) 0. 
y Hook.......... .14| 4.07) 57.3) — | 50} 26) 48) 77) 3 .5) 4,349) n 31| ne. | 23) 1 0.0) 0.0 
Trenton 22} 10) 55| 30.08) 30.10 2.31 75| 4| 7, 50) 23) 49) 40.1} 613,259) nw. | 82 23} 10| 10) 11) 5.5) T. | 0.0 
123) 100} 113] 29.98) 30.111 4.08 54.8)...... 14| 64) 36] 31) 46 51; 47, 76) 4.10). 10111’ 787| 48 ne. | 14| 7} 43) T. | 0. 
112} 62) 8&5 +.03) 57.4) —0.8] 14) 6 | 46 49] 44 73 9.351 ’ nw 60) ne 93] 12] 10} .0 
Cape Henry. 30. 00} 30.12) +. 04 39] 31) 29) 50 1.1} 10) 8,312) nw 9} 4.6] 0.0) 0.0 
18} 8 54) 30.07 56.1) —1,3) 82) 14) 66 45| 69| 2.83| la’ ne. | 23] 14] 7| 10) 4.7 
ynehburg...... 07) 30.09). . 60.5 38} 8| 46] 30) 49) 45) 7 .2) 6) 4,175) nw. ; 26 0.0) 0.0 
Norfolk 153] 188] 29.37] 30.19)” £03) 56.6) go! 4| 67| 411 95) 54] 25 5s 3) onal | al | 10 7} 0.0) 0.0 
11} 29.97] 30,12 +.05) 61.0) —1.5) 90} 12} 42 49| 78) 1.50! —1.9| 5 4,159) n. 58| ne. | 23) 10) 10) 11) 5.3 0.0) 0.0 
2,304 49] 55] 27.75) 30.1 57.7; gol 14] 68) 38) 28 50) 74] 1.70] 4) 9:15 sw. | 30! 17| 10| 3.5} 0.0) 0. 
14} 4.05) 52.2) — 98| 32! 46) 74 4 9, 153) ne. 44) ne 5) 0.0) 0.0 
4 South Atlantic States. 63 22 40) 41) 44) 41) 7 nw 28 ne. 23 ‘6 0.0 0.0 
7 —1.3 8 5 3, w. | w. | 25 18} 6) 7} 3.5, 2.1/0.0 
0 79) 55 €2) 29.27] 30.12) 61.3] —0. 12] 65| 31) 23) 43) 37) 47) 43) 77) 0.87 
Mant: 11) 11) 50} 30.07} 30.08) +.02 32) 5,201] se. | 29) se. | 17) 15) 8 4.2) 20 
arleston..... 02} 30.10) +. 31) 50 “59 ne. 5.0; 0.0) 0.0 
5 11) 92} 30.02} 30. 08) —3.5| 80} 3] 70) 43} 24) 53 —2.5| 5,303) ne. 6 0.0) 0.0 
Grecavilie, 8. 1,039] 113] 122] 29. 00 30, 13)...... 121 73| 36 56| 53| 78| 0.70] —2.2 4 ne. | | 2 10] O00 0.0 
Savannah............. 62! 77| 29.89) 30.08) +. Oi Gl. g2| 12| 71| 35] 25) 52] 35| 52 ne. | al | sl oo 0.0 
98) 30. 03 +.01 69.9 42 24) 50! 29) 60 79 x —1.8 3, 456 e 20 n. 9 4.0) 0.0) 0.0 
Key West 78.4) —1.5 34) ne. 9 9 11) 5.3 
Key 22, 10) 64) 29.92) 29. 94 2.75| —3.6 
. 00! 78.1) —1.0 
Sand Key... 25| 71) 79) 29.94) 29.97 89) 7| 83) 64) 24) 74 5.6 
| 23| 39| 72| 20.921 29,961 | 1/29) 281 74 13} 71) 1.39 6 | 39) nw 
Atlanta. . 1) nw. 11| 5.5| 0.0/0. 
Macon. A, 36. 30. 09 + 02! 62.1 as da 72 3. 28 +0.5 | 0. 0 
omasville........... . 30.08) +. 37| 24| 54) 24 
Apalachicola 2] 20-08) 63.8) +0.1) 86) 2] 75) 30) 25) 38 48) 66) 1.59) 0.8) §,702) nw. | | 19 19) 4/12) 4.6! 0.0) 0.0 
. 4. 68.5 32| 58! 54| 1.38) — | e. 25 nw. | 23 0. 
Anniston 56| 149| 185| 29.98! 30.08! .00. 67.5) —2.4 90| 2| 75) 46) 2 1.38} —2.1) 5, 3,546 15) 4) 12 4.5) 0.0) 0. 
Montgomery.......... 57| 125) 161) 29. 98 30.11) +. 04) 63.6) —0.8 89) 1) 75) 35) 24 aa se. | | 17, 4) 10) 4.2) 0.0) 
223) 100, 112| 29. 30. 08 ca 67.5] -1.9 92) 2| 77) 41) 24) 31) 60 | alse. | 7) 3.5 0.0) 0.0 
a0 @al a0, | 61. 5} 40} 24) 55) 32) 56 50 5) 8,738) n. 60 . 5} 0.0) 0.0 
Vicksburg............. 375 30° 89} 1) 74) 32) 31) 48 64) 1.38) —1.1) 5,157 se. | 16/15 7) 9| 4.4| 0.0 0.0 
ficksburg............. 02) 62.4) —0.6 40|....|-...|--..| 4.49 22) se 16| 14, 7/10 0. 
New Or 7; 65, 73] 29.81) 30,09 03 91) 36] 24! 51; 36; 54, 74) 5.10) 42.4 ne 10 4.5! 0.0, 0.0 
42) $8) 78) 29.81) 30.00) +.08) 64.4) -2.3) 80) 1) 74) 37) 23] 85) 3 5.10) $2.4) 14] 0.0] 0.0 
West Gulf States -01) 70,2) —0,8 93) 1) 77 50] 24) 64 51) 72) 1.61) 4,774] ne. 18 4/ 9) 4.0) 0.0) 0.0 
lea 58| 2.25] —0.7| 6,855] e. 19) 4.5) 0.0) 0.0 
eveport... | 6) 11) 4.8) 0.0) 0.0 
Bentonville 93} 29. 82) 30.09) +.04) 64.5) —1 | | | 
Little Rock. 457| 94) 29. 63) 30, 11 2.43} 4,14 ne. | | 3 
papas 20 -90| 29.96)......| 73.8 52) 28) 55, 51) 7 , 852) 30) nw. | 10! 0,0) 0.0 
11, 29, 90} 2) 81 9} 1.00) —1.6) 5 18} 10! 5] 16) 5.9) 0. 
Fort Worth 100] 1471 Bal 31| 68] 25| 4.50; 12) 51600. | | 14) 11) 6.0 0.0 0.0 
Galveston. 870) 106) 114) 29.36| 30.08| 4.08| 93} 1| 72) 41| 55| 24 78| 4.50/ 7) 8,545) n. 0.0| 0.0 
Groesbeck... iat ail 11) 5,084). | ms 11] 6} 14) 5.6) 0.0) 0.0 
138| 121} 29. 30. 90! 74) 40, 56] 28 63; 80| 3.11) —1.1) 7| 8,608\ e 38| nw. 18| 7 11) 13, 6.0 0.01 0.0 
Port 510| 64) 72| 29. 5A) 30. 08 +. 05| 65. 1) 78| 45! 23] 61] 5. 24)...... 6,178|n. | n. 15, 15, 6) 10) 4.5) 0.0) 0.0 
San Antonio..." 34, 58 29, 30.03|.... —2.2 91) 74) 24) 20) 58) 64) 7 2. 88)...... 5, 829| @ os! ni 18,10 6| 15) 0.0) 0.0 
698 119) 132| 29. 31] 30, 03) 1, 44 23| 61) 22 3.06) +0.1) 9 ne. | 30m. 11 4.7| 0.0) 0.0 
| 55 63) 29. 46) 30,07| +. 05) 65.7 90 44) 31 50) 24 60, 57) 76 20) aw 18] 15, 61 10, 
24) 3.26] 12! 5, | 18 10 13) 0.09. 
5,109|n. | 36\nw. , 18 9 & mee 
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.—Climatological data for Weather B 
urea 
u stations, October, 1928—Continued. 
Elevation of 
instruments. Pressure. Temperature of the air. Bile 
Districts and stations.|£.. is ix E S| 
Ohio Valleyand | Ft.| Ft.| Ft.| Als\£\5 
ennessee. In. | In. | In. | °F.) °F. °F) 
189) 213) 29, —-1.0) 10) In. 
996] 39°05) 84-9] —0.9) 82) 12] 72) 39) 23] 50, 35) 
30-12) +. 03) 59.2) —0.7| 17] 71/35] 23] 48) 35 44) 63 0.86) 6, 5,299] nw. | 39 
| 29.07 30.1 +07 56. —1.5) 30] 31) 48) 37; 50 4,660} n. 30 nw 6) 0.0! 0.0 
525] 219| 255! 29,58! 30,16) 2} —0.3) 12! 66) 27] 31) 47) 27 45) 67; 1.23} -1.2) 4; 6,524| nw. | 42! nw. 18} 18} 5, 3.6) 0.0) 0.0 
431| 139 29.601 30°16| 82) 13) 68) 28) 31) 47, 33) “484i 0.56] 7| ne’ | | 
194) 2901 30-18) +.08) 57.6] —0. 4) 83) 11] 68) 28) 31) 48) 33 1.06] | | 4.8) 0.000 
736] $8.1) 79) 12) 62) 25) 31 44| 27| 64| 3.781 40.7| ne. | | 0.0) 0.0 
575| 96) 20. 54) 78] 12] 60| 231 311 38 | 3-29) +0.5) 7,836) ne. 36) w. | 18/16) 5) 10 4.5 0.0 a0 
625 | 29.54) 30.16)...... 53.6)... 79 Re. 3. ne. | 36) s. 17| 10 0. 
137| 173) 29. . 2} —3.0) 80) 13] 62) 27) 31 44) 74) 0,92; 4,8 4.8) 0.010 
Elkins........ Bel 30.16)... 52.7! —1.4| 80 43) 32) 46) 41! 73) 1.66 ne. | 26) ne. | 23/17) 3) 11 
Parkersburg...........| 638} 77) 67) 28.10) 30.20, +.10| 49.4) —2.0) 82 13) 63) 25) 311 42) 35, 70 1.86] — 9} 7,190} n. 35) mw. | 24/ 6) 1 4.3) 0.0 0.0 
| +. 08) 52.3) 82) 13) 61) 32] 31/43, 32) 41, 72 3,168 se. | | 
Low egion. 50.6 +05; —1.3) 6,880) nw. | 38) mw. | 30] 9) 9] 13 0.0 
Buflalo................ 767| 247| 280| 29, 29! 30.13! | 72 2.28 | -0.7 
“101 39-33) +-08) 50.3) —1.6) 73) 17) 57] 31] 31) 43) 27) 4 5.6 
Oswego. 335] 91)... 48.6) 77) 13] 57| 24] 29) 36 966] nw. | 70 
113) 29. 48] 30.12) +: 0} 31 41, 20) “40 . 2} 10) 6,756) s. . 0) 0.0 
714| 130! 166 | +. 06) 49.8) —1,2) 80) 13] 58 44 73) 1.75] —1 32) sw. | 30) 11) 13 
Cleveland ...... 762| 1 29. 35) 30.13) +.08) 51.6) —1.8) 79) 31) 31) 42) 28)... . 000 5,433] w. | 33) w. | 30/10] 
30. 15| 52.2} 12] 45| 201 "dil Fi) 13] 207) w. | 50) w. | 30) 6) 10 
629) 29. 46) 30.16) +. 10) 52.2) 9| 12] 59) 82] 31, 46, 29 46] 401 66) nw. | 42/8. | 17) 6 Wes! 
Fort Wayne........... 628} 208) 243) 29. 48) 30.17) +. 12) 51.4 | 80) 12} 60} 81) 44) 29). | 173] 9,613] w. | 58) | 24 
+12) 51.4) —2.0) 78) 12] 59) 31) 31, 43) 1.79) —0,6) 5,645] sw 8) 8 15 6.0) T. | 0.0 
+. 10] 51.8) | 42; 30, 44 , 810) sw. 43) sw. 
0.7 12| 27| 31/44) 25 46) 42 71) al | | 
Al 47.4) 201) —0.4) 7,440; | sw. | 13) 10) 7] 14 00 
609} 13) 92 | | | 77, 2.63) 
Grand Haven.. 632| 54) 89] +: 14) 44.6 —0.5 71) 10) 52) 20) 31) 37, 26 41) 38) 81) 1.31) -2.1) 7,840) nw. | 37 
Marquette............. | 66) 29. 44) 30.15). 76) 12) 59) 26) 22) 38, 36) 38) —0.4| 11) 6,322) e. | 33! w. 1.5) 0.0 
idacig 72) 29-45] 30.16)... 48.5 1.3) 73) 17] 58) 23 31! 40 31} 43] 30! 751 265 w. | nw. | 19 
Chi 614] 11! 52) 29, 42! 30,13) 479! 43,8) 40/4 | 76) 58} 27) 31/ 32] 43] 40! 2.07; —0.7| 7,970) nw. | 35! w. & 5] 2-01 
823| 140! 3101 43.8) +0. 4) 65) 12) 52) 24 31, 36 82° 1.22) —1.6| 5,231] nw. we | 19) 9 T 
28) 30.18) 4:14) 52.5] 76) 1 30; 40) 38) 84) 5.37) +2. 17/8} 10) 13 ‘2! 0. 
| 144) 29. 47/ 30.14) 419) 47.5 76) 12| 58| 26) 31| 46) 48] 44! 75 aw. | 33) mw. | i9 00 
1:22) 47-5) +0.4) 76! 10) 56) 24) 31) 30] 20] 41) 37) 75) 7,286) nw. | 37/8. | 17 4.7) 0.5 
| 12) 6) 13) 5.3) 0.8) 7. 
| 202 | sw. | nw, | 18/10) 7/14) T. | 0.0 
28.35 80.16) 45.6 10) 13) 34) 36) 38) 32 68} 0.32 | 
. ‘ 7 | 
416) 30:11!" 15] 85! Isl 6| 9,474] nw. | 40's. | 22/14) 6/11 
nt 15) 30 34, 34) 35\ sw. | 15/12} 0.8] 00 
50.5} —2.9 | 5,509) nw. | 81) se. | 10) 11) 10) 6.2) T. | 0.0 
74) 1.98) 
29. 13) 30. | ; 
30.18 43. 30| 40) 73} 3,064) se. | w. 
29. 09| 30.19) $17) 47.0) 74) 10) 54) 18) 31) 34) 35 2,12) —0,3) 5,214) nw. | 24! nv 
29. 30.19) 47.0) ~i.3| 76) 10| 51/16] 30, 87) 40)" 0.70)...... nw. Ww. | 18/10) 13) 5.4) 0.8) T. 
.6) —3.1) 77 37, 79) 0.61) — + 
29. 51| 30.19 4.14| 51,2) 5| 58} 21! 30| 39 34} gsi 4,207 nw. | nw. 4) 10) 4,2) 0.4) T. 
29.75] 30.14) 4.07) 57.2| wel 42] 29) 44] 38) 68 1.07] 9) 3,385 nw. | | 
75) 30.14) +. 07) 57.2) —3.2) 81) 13] 66) 29) 31| 48 50, 46, 75 0.82 nw. | | ol cal 
29, 60) 30.18) +:13! 51.6 77| 11| 61) 26 31) 43) 29 46 42 76 3.85] +1.3! 3,075| nw. | 22] nw 18) 14; 12) 4.9) 0.0) 0.0 
29.60) 30.18) +13) 61.6) —4.4| 78 11) 61] 31/42) | nw. | asinw. | 
Missouri Valley. | 79) 20) 31) 47) 48 68 4, nw. | | 18/16 
963| 161! 29°13] 12} 52.4) —2.4/ 7811) 62} 24/31 43) 4 5.0 
Springfield, 967/11) +-14) 53.6) —2.2) 78) 10) 61) 31! 46) 24)" 2:87) 4,418 
| 52.8! —3.51 77,101 61! 25\ 2-42) $8.2) 13! 3, (se. 28 nw. | 18/11) 7/13) 5.2) 0.0) 0.0 
28. legeces 76| 10) 59 25 | 44 2.92! +1.0 3, 408 n. 21\ n. 18) 8 6/17) 6.7 
$1.6) -1.7/ 78| 9) 61 22) 30, 43 5,533} Min. | 18/12) 0.0 
—2.5| 77 60! 19) 30 | 39 0.40) 4 sw. | 11/11/11] 95.0 
q j | _ .6 7 5 160! | 8 1l 12! 6.0 0.5 0,0 
+.17| 49.0! —1.91 75. 91 58 3) 35; 38 39 35, 1.68 +0.4 160, nw. | 31) nw. | 18) 15 8! 
47.8] —0.4| 80! 50! 20 30| 40 31) 42° 37 69) 0.59) -1. 13| 6,781) w. | 35) sw. | 22/13/10) 8 
48.9) 30 39 38 42° 38 74 6 7,055| se. | | 14/11 4.0 2.9 
40) 82 se. 97/15) 5/11) 4.6 0.4) 0.0 
s. | 22/11/12) 814.8) 3.0) T. 
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554 MONTHLY WEATHER REVIEW. Ocroser, 1923 
TasLe II.—Data furnished by the Canadian Meteorological Service, October, 1923—Continued. 
| | Pressure. Temperature of the air. Precipitation, 
| Altitude 
above 
| Station | Sea level | . 
Stations, 1,| Teduced | reduced Mean | Mean ony Total 
to mean | to mean maxi- | mini- | Highest. | Lowest. || Total. | fom 
Jan. 1, | 24 of 24 | from mean) | from | mum. | mum. snowfall. 
1919 _ hours, hours, | normal. | min.+2. | normal. n 
| 
Feet. In. In, In. °F. °F. °F. °F. °F. In. In. In, 
20.84 29.98; +.07 4.5| +3.1| 41.1 70 31 3.85| —1.50 0.0 
48 | 30.00; 30.05| +.09 50.0| 58.3 41.7 69 32 7.54| +285| 
88 || 29. 96 30. 07 +.07 50.6 +3.4 59.3 41.9 68 26 6. 12 +0. 57 0.0 
65 29. 99 30.06, +.04 49.8 +2.2 56.7 42.8 68 27 3.36 | —1.34 0.0 
Charlottetown, 38 |) 29. 99 30. 03 +.07 50.8 +4.3 58.5 43.2 69 31 1.30 —3. 60 0.0 
eS ee Ce 28 29. 93 29. 96 - 00 46.8 +3.8 57.9 35.8 71 20 2.90 —0.96 0.0 
Father Point, a Se Seay 20 |) 29. 99 30. 01 +.06 40.4 +0.6 47.2 33.6 64 22 6.04 +3.14 0.0 
296 || 29.74 30. 07 +.07 46.7 +4.3 53.4 40.0 66 27 5.50] +2.35 0.1 
Montreal Que 187 || 29. 86 30. 07 +.06 48.1 +3.3 55.1 41.1 72 27 4.34 +1. 21 0.0 
Ottawa, Ont.. [i 236} 29.81 30. 08 +.07 48.2 +4.4 59.2 37.2 74 23 3.53 +0. 98 0.2 
Kingston, Ont... | 285 |, 29.79 30. 10 +.07 48.6 +1.6 56.7 40.6 70 28 2. 81 +0. 08 0.5 
——. Ont | 379 || 29.70 30. 11 +.07 48.8 +2.2 57.0 40.6 69 32 1.65 —0.71 0.0 
White River ‘Ont. 1,244 | 28. 74 30. 08 +.10 36.5 —.06 49.2 23.9 68 —2 3. 87 +1. 52 21.3 
ooo. A ee ee 592 | 29. 51 30. 16 +.11 46.3 —1.5 55.6 37.1 69 24 1.79 —1.19 0.1 
656 47.1 +1.0 55.2 39.1 75 29 2.37 —0. 80 1.0 
Parry Sound, EP Reet 688 | 29. 39 30.09 +.08 46.1 +2.2 55.2 37.1 70 22 3.02 —0.90 12.4 
Port Arthur, 644 29. 39 30.11 +.13 42.4 +2.5 50.1 34.7 71 15 1.27 —1.29| T. 
Winnipeg, ER aad eg 760 29. 25 30. 10 +.12 43.4 +4.3 53.9 32.9 74 12 0. 50 —1.20 2.3 
1, 690 |. 28. 25 30.10 +.13 40.7 +2.9 52.4 29.1 72 ll 0. 45 —0.75 0.2 
Gu’ Appelle, 2,115 27.78 30. 05 +.08 42.8 +3.4 55.3 30. 4 73 § 0.39 —0. 71 14 
2,144 27.73 30. 00 +.03 45.8 +1.0 59.1 32.6 77 7 0. 63 +0.05 
as 2,392 | 27. 48 30. 13 +.16 43.2 +1.1 57.2 29.3 74 10 | 0. 35 —0. 53 0.4 
Banff, Alb...... 4) 521 | 2545) 30.06) +.11 40.2/ 54.4 26.0 73 0.65) 0.6 
Prince Albert, Sask. 1, 450 28. 49 30.09 +.12 43.8 +6.7 57.3; 30.3 75 16 0.31) —0.52) T, 
SR ae eo ee 1, 592 |) 28. 28 | 30. 04 +.07 45.0 +5.4 60.1 — 29.9 76 ll | 0. 22 —0. 23 0.0 
230 |, 29.78 30.04 +.08 | 52.7 +3.5 | 58.4 | 47.1 74 41) 1.72 —0. 65 0.0 
SEISMOLOGICAL REPORTS FOR OCTOBER, 1923. 
; W. J. Humpnreys, Professor in Charge. 
[Weather Bureau, Washington, December 3, 1923.] 
TaBLE 1.—Noninstrumental earthquake reports, October, 1923. 
Approxi- 
Mate | pproxi- 
i A pproxi- Intensity, Number 
Day. | | Station. Tate Rossi- Sounds. Remarks. Observer. 
| latitude. | ‘tude | Forel. | shocks | 
civil. | 
of 4 See, | 
| ARKANSAS. 
(2) | Arkansas City........... 33 50]. O1 05 |......-.... 2 eh R. B. Mhoon 
17 on | Little Rock. ............ | 34 40; 92 05 2 1 Brief. |..... do. H. S. Cole. 
17 10! Marked Tree............ 35 30; 90 25 7-8 | 1 180 ca. |..... ee ee Also Sat., 9.40 p.m.; some dam- , | Chas. Walton. 
| 35 45 90 00 5 1 Felt by | W. W. Prewitt. 
<0 36 35 90 30| Weak. 1 2-3 | Rumbling.......-. Felt by | N. E. Skinn 
17 30 | Eureka Springs......... 36 30; 93 50 W. Nichoalds 
CALIFORNIA 
24 14 30 | 39 03 | 122 56 2 1 B Pelt by J. Overholsen 
ILLINOIS 
KENTUCRY. 
28; 17 37 00; 89 05 2 1 60 ca. | None.............. Felt by Mrs. J. A. Millen 
MISSISSIPPI. 
MISSOURI. 
NEW JERSEY. 
30 oss 39 20 74 25 2 3 Felt by many, windows rattled..| Mr. Brown. 
TENNESSEE 
28; 17 —/| Savannah............... | 35 15| 88 15 3-4 Welt Dy MANY. . H. Kendall 
| 35 10} 90 00}.......... 1 E. Neidel. 
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TaBLE 2.—Jnstrumental seismological reports, October, 1923. 
Time used: Mean Greenwich, midnight to midnight. Nomenclature: International. 
[For significance of symbols and description of stations, see REVIEW for January, 1923.] 


Amplitude. Amplitude. | 
Char- Period Dis- Char- Period Dis- 
Date. | acter. Phase.| Time. tance. Remarks. Date. ester. Phase.| Time. tenes. Remarks. 
As An An An 
Auaska. U.S.C. & G. 8S. Magnetic Observatory, Sitka. Hawan. U.S.C. & G. S. Magnetic Observatory, Honolulu. 
1923. H.m.s. | Sec. Km. | Origin based on Ss 1923. H.m. 8. 
SR2y.| 4 04 09 PRiy.| 3 43 57 
Lz.. 4 13 09 iSs.. 3 50 46 
Mg....| 419 46 *100 3 54 30 
My....| 414 52 *100 SR2x .| 3 59 59 
Fg....| 507 .. 4 03 20 
Mg....| 4 09 28 
7 10 53 Origin based on Sx My. 4 05 30 
ePRy.| 7 21 38 and SRlw. 424... 
Sx....| 7 26 33 Po 519 
Spl....| 7 30 05 
Ly...-| 7 35 22 eLy...| 7 56 15 on E. 
Mg....| 7 35 35 My. 8 03 00 
Cg....| 7 4019 | | 
Fe....| 803 .. 
Fy....| 818 .. Inurnors. U.S. Weather Bureau, Chicago 
obscured by 1923. .m.s.| Sec. | | | Km wat? 
Me.. 4 34 04 wind tremors. P and S lost in mi- 
| My.. 4 33 07 *300 eL.. cros. 
Arizona. U.S.C. & G. S. Magnetic Observatory, Tucson. L. 36 30 
729 51 |. 
Llg...| 7 40 58 |. 
L2g...| 7 43 21 |. 
L3e...| 7 48 05 
Me.. 48 14 
Cauirornia. Theosophical University, Point Loma. | Possibly 
| 
1923. | H.m.s. | Sec | 
1923. H.m. 8. 
District or Cotumsia. U.S. Weather Bureau, Washington. 3°53 07 
CC 4 03 50 
K 43031 
1923. H.m.s. | Sec. ™m. ar 
PR1..| 3 52 45 Mz....| 4 45 49 
3 O1 20 }..... My..-.| 4 51 24 
Px... 7 19 40 
eL....| 7 38 .. Slight. SRz...| 7 30 03 
*Trace amplitude * Trace amplitude. 
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F..... 
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*Trace 


H.m.s. | Sec. B Km. See. | 
12 26 21 Heavy micros. N eL....| 10 09 06 j....... 
iw.....| 12 35 32 | 
| 12 45 

4 Ww 
98 |........| iPs...| | S uncertain. N iS.....| 22 56 11 
eLe...| 23 9 

wid === i......| 29 |. P & 8 masked by 
eL....| 22 micros. 
1928. 6 | Se yn. 2 |. 

mese quake. S...._.| 22 28 

i......| 22329 |. 
WwW L....- 22 38 | 
Principal _ portion 23 | 

one mass of large M2....| 23177 | 

10 |....----| @------| 55 82 |. 

M.....| eL....| 10 00 12 |. 
w F.....| 10 17 00 
= @......| 9 54 19 

eL....| 10 00 15 

eP....| 3 N eL....| 10 02 12 g 

F.....| 10 17 30 | 

iS.....| %3 Mass of rapid vi- 9 28 15 

N 1......| 3 brations. to | 

F.....| 10 6 50 37 | 

7 30... | 

6 12 08 

w Mi.... Marked disturb- N 6 20 10 | 

M2.... ance. 6 27 00 | 

M3... 6 27 15 

eL.... 6 36 00 | —_— 

| 

iS.....| to 

| 17 46 39 

he 

= 

| L.....| 17 38 23 | 

L.....| 17 40 00 | 6S 

to | 

18 05 00 | 

N M.....| 17 46 32 | 

f 8......| 9 50 30 F......| 19 14 00 | 
eL....| 10 09 15 

Ww 10 16 00 | 4 03 

ma @....-.| 

form 
waves. | 7 40 53 

10 24 00 | 75053 

10 33 00 1B 7 50 45 |..... 
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TaBLe 3.—Late reports (instrumental)—Continued. 
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1923. | Km. 1923 H.m.s.| Sec. | p | Km. 
| j 
M...../ 100056] 20).......) | 7,600 F.....| 19 42 28 
e. 8......| 9 46 56 E M.....| 91626| 10|.......| 9| 
N M.....| 91709| 10) 430 
E 21813) 20 660° 20 4137 | 20 
E M.....| 45510] 20 N M.....| 205316] 15 
N 4:35 45] 190 12 37 88 | 0 
N M.....| 10 08 58 12 
16 |........] 16 58 $2] 10 P..... 173310] 5 
| 172451] 20 16,030 N M.....| 174826] 12 8 |.......| 2,260 
5200| 25 M.....) 90153| 10| 5 |.......| 7,840 
E M.....| 8 03 52 20 |....... 29 | 6, 800 
N M..:..| 8 01 56 20 E M.....| 15 52 08 20 |... 
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TaBLe 3.—Late reports (instrumental)—Continued. 
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